Production Rule Verification for Quasi-Delay-Insensitive Circuits by Cook, James N.
 
	   ff	flfiffi  !" 
#
fffi%$&')( *+fifl,-')./
$0
$21  345	67$
8)9;:=<?>ffi@BADCFEE;G
HI<KJ9;LM:N<KO/M E;PQCFE;:RJ0S0M<KL-T&UKVW<+O7U"<
CF9;XYVYPZE;LOV[9ff\]O>^MVYMS0M2<IE;Pfl_<?U2`0O7E;X[E)a;b
cd9)>9)e0<KO90fgCF9;XYVYPZE;LO0VW9
hYikjl^mZnpoqlr/s?t?rvuwrxrzy|{}iKn~0np"{d5{t?ozmZ{y|{in
~2m5nZ?{fl{Łmp{{~^l2nZ{m5~^g+]oz{}iw]{
8SO<ff))f?))
 +K+K  ¡w¢/£6¤¥¤+¦¢
"¦§K¨}©+?¤¥¤q¡ª£6«B¥¤q¡w¬
­
~2®+¯+mpozŁKn

° ±
l^yF{
­
~~²;³/´µµ2¶
· ¸¹ º&»7¼-½¾I¿ºÀ}¼|¹
­
ozm]t?oxn)ÁK{WozŁiw;wlÂ{Ãw{]~y|{{Ä+npmZ{y|{rx¯5]~y|®?rz{}Ä;ÅÆ7?{0i?{{Ánp~y l^iwlŁ2{nZ?oq)Ç~2y|®?rx{Ä+È
oznW¯6Él2rx{Á6np~np?{gÁK{Â{rx~2®?y|{}iKnw~^Éi?{ÊËl^t?nZ~2y lnp{Á]oxmÌ]t"ozn/ÁK{WozŁidy|{nZ?~+Á?ÇÅ
­
t"mpmp{}iKnZrz¯
np"{{y|{nZ?~+Á?rx{l^iffinp~Êgl^mÌÁ Í}ÎzÏÐÎqÑÌÒÓ-ÑÌÒÔÕÎzÏÐÖ2×ØÎqÒÓK³+np?{l^t?nZ~2y lnp{ÁffinpmÌliw[~mpy lnpox~2i|~&l
?oxŁ2 rz{Â{}r)]oxmÌ]t?oxnÁK{pÇmpoz®"npoz~i ozi+np~ffilQnpmÌliwoÙnZ~2mpÈrz{}Â{rY³ozyF®?rz{yF{]i+nÌlÃ?rz{ÁK{ÚozŁi)Å0ÛN®wl^mZÈ
npoÙ]t?rÙl^mprx¯Qozi+np{mZ{nZozi?Łfl]rÙl2Z7~^&]oxmÌ]t?oxnÌ~2mlt?np~y l^nZoq5Ł2{i"{mÌlnpoz~ikl^mp{ÝÜKÞÌÏÐÖß^à[ÎqÓáÍÞÇÓáÍ}Îz×ØÎqâ^Þ
]oxmÌ]t?oxnÌÇÅ{rql¯+È¥oxiw{iÉoznZozÂ{]oxmÌ]t"oznÌ&l^mp{*ÁK{oxŁ2i?{ÚÁãnp~fl~2®w{mÌlnp{Ç~2mpmZ{]nZrz¯dÊ5oxnp liK¯Fl^mZÃ?ozÈ
npml^mZ¯|Ã?t?n5uwi?oxnp{flÁK{rÙlÚ¯ffiozi Ê5oxmp{7~moxi~®w{mÌlnp~2mdäÐ´]åæØÅ0{rql¯+È¥oxiw{}iwoxnpozÂ{ÇozmÌÇt?oznyffitwn
Ãw{ffil2W¯KiwÌ?mZ~2i?~tw]³)WoziwÇ{dnp"{dtwW{Q~^gl|]rx~+ç²|Ê~2t?rÙÁ-Ãw~2t?iwÁnp"{dmÌli?Ł2{Q~gÁK{rql¯"D®w~èpoxÈ
Ã?rx{~2m]~2mZmp{Çn7~2®w{ml^nZoz~2iÅ7Æ7?{®?mZ~2®w{mZn¯F~^ÁK{rql¯+È¥oxiw{}iwoxnpozÂ+oznW¯flwl2{Â{}mÌl^rÁK{WozmÌlÃ?rz{
]~iw{t?{iÉ]{~2mlt?np~y l^nZ{Á ÁK{WozŁ2iªäé¶K³)´ê2æØë
ìBí
?¤î+KË¤¥2¡wï)¬6ÛðÁK{rql¯+È¥oxiw{}iwoxnpozÂ{ÁK{WozŁiÊ5oxrzr;t?iÉ]npox~2iÇ~2mpmZ{]nZrz¯FlÚnp{}m
lmpÃ?oxnpmÌlmp¯ Ìwli?Ł2{5np~QnZ?{rz{i"Ł2npÉD~oxnÌ7Ê5ozmZ{]Å
ì
£6¤«ñ¦/Kò¦ff?óffiôw¤òõ/?¤¤)^ö§¨ôw¦?¤¨2¬Æ7"oq6{rzoxy|oziÉl^np{ÚÁKoÐ÷ Çt?rznZoz{oxiÁ+oqÈ
nZmpozÃ"t?npoxi?ŁQnp?{fl]rx~+ç²FoxŁ2iwlrWozyffit?rznl^i?{}~2twWrz¯Qnp~ffilrzr)®wlmpnD~0np?{fl]oxmÌ]t"oznÅ
ìø
¦ù/+ ^+¦òÚ¤î¡ «B)/ï¤? +¨ôò¦/¨2¬0Ûi+¯]~y|®w~2i?{}iKn~^lÁK{rÙlÚ¯+ÈoziwW{iwoxnpoxÂ{ÁK{ÚozŁi
liÃw{dmp{}®?rql]{ÁÃ+¯kl^i?~np?{}m6rz~Ł2oq}l^rzrx¯|{t?ozÂlrz{i+n]~2yF®ò~i?{i+n³?{Â{}i-ovnp?{fli?{Ê
]~y|®w~2i?{}iKnwl2ÁKovú{mZ{i+nÁK{rql¯"]Å
ì
û
©0K+ ò©)«B¥üKÚ¥w¦0¬Æ)mÌliwoÙnZ~2mÌ/lidÃw{l^mpÃ"oznpml^mZozrz¯mp{Wozý{ÁÊ5oznp"~2t?n/]~iw]{mZi
~m5np?{fl]~mpmp{Ú]npi?{Úp7~^np?{fl]oxmÌ]t?oxnÅ
ìø
¦ +?¨+þ wõï/¨]¦/K¨}¨2¬þ{}rql¯KÈoziÉ{iwWoznZozÂ{kÁK{WozŁ2iÉlmp{rx{p {}iwoxnpozÂ{ nZwl^i
~np?{mFÁK{WozŁiwãÊ5oznZ
mZ{®w{]nffinp~ªy l^i+tKØl2Çnpt?mZozi?Ł®?mZ~+]{ZãÂl^mpoÙl^nZoz~2iÉ]³5~2®w{ml^npoxi?Ł
nZ{y|®w{mÌlnpt?mZ{]³+W~2t?m]{dÂ~rznÌlŁ2{Ç³?{nÌÅ
ß
fl]~t?mÌW{³nZ?{lÃw~^Â{klÁKÂl^i+nÌl^Ł{|]~y|{ ln|W~2y|{k]~ènÅ rxozy|oxiwl^nZoz~i~np?{kŁ2rx~2Ãwlr
]rx~+ç²FoxŁ2iwlr;mp{Úát?oxmp{0npwlnt?Ã]oxmÌ]t"oznÌ0yãtÉn0Ł2{i"{mÌlnp{]~y|®?rx{npox~2iFozŁiwl^rÙ7np~QoxiwÁKoq}l^np{
npÉl^ndnZ?{¯Ilmp{ ÁK~i?{|Ê5oxnpInp?{oxmfl]~2y|®"t?nÌlnpoz~i)Å|Æ7"oq mZ{t?ozmZ{6l2Á"ÁKoznZoz~2iÉl^r7Ê5oxmpoxi?Łkl^iwÁ
oziÉ]mp{l{5np"{Q]~y|®?rz{}ÄKoxn¯Q~0np"{Qt"Ã;ÇozmÌÇt?ozn]ÅhYil2Á"ÁKoznZoz~2i³ònZ?{Q]~iw]t?mZmp{i+n5iwlnpt?mZ{Q~^
]~y|®?t?nl^npox~2iffiozi WtwÌ ]ozm]t?oxnÌ0l^i Ãw{6y|~mp{ÁKov÷%]t?rxn0np~Qliwl^rx¯Ký}{6npwlik]~2y|®"t?nÌlnpoz~iãoxi
]rx~+ç²{ÁF]ozm]t?ozn]Å
Æ7?{]~2iÉ]t?mpmZ{i+niwlnpt?mZ{~/ÁK{}rql¯KÈoziÉ{iwWoznZozÂ{]ozm]t?oxnÁK{ÚozŁiffil^iffiy l²{nZ?{yð{ÄKnZmp{yF{rz¯
ÁKoÐ÷ ]t"rznQnp~ªÁK{Ã"t?Ł?Å§Ûrxnp?~t?Ł2Ëy l^i+¯{}mpmp~mÌffi?~Êt?® l2|W?~2mZnÌã~mãwlýl^mÁ?|ÁKt"mpozi"Ł
oxyãt"rql^nZoz~i)³^nZ?{mZ{5oqi?~flŁ2twlmÌliKnZ{{5npwln7nZ?{¯dÊ5oxrzr"l^®?®w{lmÅ5ozyffit?rÙl^npox~2iw/l^mZ{5®w{m~mpy|{Á
Ã+¯-lpWozŁ2i"ozi?ŁkÁK{rÙl¯?5np~|Âlmpoz~tw]~2yF®ò~i?{i+nÌ5~^np"{ffi]ozm]t?ozn?ozn6oÙD®w~èpoxÃ?rz{QnZwl^nnp?{W{
l2ZoxŁ2i?{ÁffiÁK{rÙl¯?Ê5oxrzr+y l2W²fltwÌffil^iffi{mpmZ~2m}Å mpmZ~2mÌt?iÉÁK{np{Ú]np{ÁoziffiWozyffit?rqlnpoz~idÊ5oxrzr"l^twW{
´
lI]ozm]t?ozn ÁK{WozŁ2iBnZ~rx~{ oxnÌffiÁK{rql¯+È¥oxiw{}iwoxnpozÂ+oznW¯Ënp?{ffi]oxmÌ]t"ozn d]~mpmZ{]npi"{pdÃw{]~y|{
ÁK{®w{iÉÁK{i+n5~2i np?{fll]nptwlrÁ+{rql¯"Ãw{ozi"Ł|Wozy|oxrql^m0nZ~ãnZ?~W{dlpWt?y|{Á|ozi nZ?{flozyffit?rÙl^npox~2i)Å
s?~2mZnpt?iwlnp{rx¯nZ?{W{|nW¯K®w{d~{mpmZ~2mÌQ}l^iBÃw{ ÁK{nZ{]np{ÚÁozi"ozŁ2"È¥rx{Â{rÁK{Z]mpox®?npox~2iw~^*l
]oxmÌ]t?oxn5ÁK{ÚozŁi)Å
­
ozm]t?ozn5l^ikÃw{ffi]~2i+Â{i?ox{iKnZrz¯Q{Ä+®?mZ{pW{Á l2rxoqn7~^Õ
	pÒÜ+Ñ]×ØÎqÒÓ	áÏzÞZÍÇ³
l-i?~nÌl^nZoz~iffÁK{Â{}rz~2®w{ÁIÃK¯ªÛrqloziBlmpnZoziBlnãnZ?{
­
l^rxov~mpi?oÙlh[iÉnpoxnpt?nZ{|~^*Æ){ç"i?~2rx~2Ł2¯
ä+³K´}ê2æYÅ;oqn~^®?mp~+Á+tw]npox~2iQmZt?rz{&l^iQÃw{5Ł2tÉl^mÌliKnZ{{ÁQnp~6Ãw{7mZ{{7~/"~2mpn0l^iwÁdwlýl^mÁ?
Ã+¯|{Ä"l^y|oxi?ozi?ŁnZ?{y ~mnWÊ7~Q®"mp~2®w{mZnpox{5l^rxrz{Á ÍÇ×YÖÎzÏ Îz×Yßl^iwÁªÓ?ÒÓ?ÎqÓK×WÞ	Þ	çÞçÓ?Ñ]ÞÌÅ5{}rql¯KÈ
oziÉ{iwWoznZozÂ{ffi]oxmÌ]t?oxnÌyffitwWn6wlÂ{ãnZ?{W{ã®?mZ~2®w{mZnpoz{Ú~mQlrzr0®w~pWozÃ?rx{ {}nÌ6~^]~y|®w~2i?{}iKn
ÁK{rÙl¯?ÇÅff?oxrz{QoznoÙ*®w~èpoxÃ?rz{ffinp~ky l^i+twlrzrz¯ Â{mZov¯ {n*~®?mp~+Á+tw]npox~2imZt?rz{Ú~mnp?{W{
®?mZ~2®w{mpnZoz{Ç³Wtwçªy l^i+twl^r&Â{mpoÐul^nZoz~ioq {}mpmp~md®?mZ~2i?{Fl^iÉÁ Ãw{Ç~2y|{t?iKÊ5ox{rqÁ+¯-~2mQlrzr
Ã?t?n5nZ?{fly lrzrx{ng]ozm]t?ozn]Å
hYinp?oÙ6ÁK~+]t"y|{i+n³?Ê7{Q®"mp{W{iKnl^iªl^t"np~2y%l^np{ÚÁy|{nZ?~+Á~2mnp?{QÂ{mZovu}l^npox~2i ~^DÁK{rÙlÚ¯+È
oziÉ{iwWoznZozÂ{ ]oxmÌ]t"oznÌd{}ÄK®?mZ{pW{ÁBl2ã®"mp~+ÁKtwÇnpoz~iffmpt?rx{]Å{kÃò{}Ł2oziËÊ5oznZfflÁK{Úp]mZoz®?nZoz~2i
~^glmpnpoxi ÁK{oxŁ2iky|{np"~+Ál^iwÁW®ò{Ú]ovu}l^npox~2i~7nZ?{Q®?mZ~+ÁKtw]nZoz~2imZt?rz{fli?~2nl^nZoz~2iÅI{
®?mZ{]oqW{rz¯*ÁK{]uwi?{gnl^Ã?oxrzoznW¯liwÁdi?~i?ozi+np{mW{mp{}iw]{0liwÁdmp{rÙl^nZ{7np"{y np~ÁK{}rql¯KÈoziÉ{iwWoznZozÂ+oznW¯2Å
I{ŁozÂ{{Úát?{}iKnZoql^rÉl^iwÁã®Él^mÌlrzrx{rl^rzŁ~2mZoznp"y  ~2m®w{m~mpy|oxi?Ł6Â{mZovulnpox~2i)Å{®?mp~Â+oqÁK{
{}Â{mÌlr{}Ä?ly|®?rz{Ú*~6nZ?{|Â{mZovu}l^npox~2iIy|{nZ?~+Ál^iÉÁñÁ+{p]mZozÃw{|~t?mQozy|®"rz{yffi{i+nÌl^nZoz~i~^
np"{dlrzŁ~2mpoxnp?y%]ÅffI{fl]~2iÉ]rztwÁ+{ Ê5oxnpklffit?y|y%l^mp¯Q~nZ?oq7Ê~2mZ²;Å
fi
fl ffi »7¼-½I¾¿DºÀ}¼%¹  ¾! "$#
ÛrÙl^ozi l^mpnZozi mZ{{lmÌÌNŁ2mZ~2t?® l^nnZ?{
­
l^rzoÐ~2mZi?oqlffhYiwWnpoznZt?np{ª~^%Æ {Ì?i?~rz~Ł2¯&%
­
l^rzÈ
np{Úç('wl6ÁK{Â{rx~2®w{Ákl|¯+iKnZ?{Woq5y|{np"~+Á-l^iÉÁl|{n~^gÁK{ÚozŁinp~~rq~2m*)+Ö^Í}ÎzàWÜKÞÌÏÐÖßà
ÎqÓáÍÞÇÓÍ}Îz×YÎqâ^Þ%]ozm]t?ozn]Å=Æ7?{I]rqlp|~^ ]~y|®?rx{np{rx¯Á+{rql¯+È¥oxiw{iÉoznZozÂ{ ÇozmÌÇt?oznÝwl|Ãò{}{i
®?mZ~^Â{}i|np~QÃw{flát"oznp{rzozyFoznp{ÚÁ ä µ^æ+?twl2WozÈØÁK{rÙlÚ¯+ÈoziwW{iwoxnpoxÂ{]ozm]t?ozn7lmp{flÁK{rÙlÚ¯+ÈoziwW{iwoxnpoxÂ{
t?iwÁ+{mnZ?{QlpWt?y|®?nZoz~2ik~^*ÎvÍ}ÒÑ-,.	pÒÓ"ÎqÑ/}Ò	10Íl^iÉÁl^rzrx~ÊNnp?{ ÁK{WozŁ2ik~^glQrql^mZŁ2{m]rÙl2p~^
]oxmÌ]t?oxnÌÇÅ2iwÁ+{m5np?{oÙ~+Ì?mp~i?oq~2mZ² l2Zt?yF®?npox~2i)³wW~2y|{6~0np"{ Łèl^nZ{d~2t"np®?t?nDnZwl^nl^mZ{
]~i?i?{]nZ{Ánp~Iyãt"rznpox®?rz{QŁèl^nZ{-ozi"®?t?nÌffil^mZ{ rql^Ãw{rx{ÁoqW~+ç?mZ~2i?oÙ-ffnZ?{W{~t?np®"t?nÌ|lmp{kl2WÈ
t"y|{ÁQnp~QlmpmZozÂ{l^nlrzrwnp"{6]~i?i?{Çnp{Áãoxi?®?t?n0ozyffit?rxnÌl^i"{~2twWrz¯3%Y{}{ffiä³;´}ê2æ?~2m5Á+{nÌlozrq4'ÌÅ
5
twl2WozÈØÁK{rÙlÚ¯+ÈoziwW{iwoxnpoxÂ{0]ozm]t?oxnÌ)l^mZ{5lt?®w{m{n&~^W®ò{}{ÁKÈoziwÁK{}®ò{}iwÁK{i+nÇozmÌÇt?ozn6®w{{ÁKÈ
oziÉÁK{®w{iwÁK{}iKn]oxmÌ]t?oxnÌ}l^i|Ãw{]~2iwWoqÁK{}mp{Á|l7twl2WozÈØÁK{rÙlÚ¯+ÈoziwW{iwoxnpoxÂ{5]oxmÌ]t?oxnÌÊ5"{mp{lrzr
Ê5ozmZ{l^mZ{ãrÙl^Ãw{rz{ÚÁ oÙ~+Ì?mp~i?oqkä
fi
æYÅ|hYiInp?oÙÁK~+]t?y|{}iKn6Ê{ã{}Ä?]rxtwoxÂ{rz¯%]~2iwWoqÁK{}mdtwlozÈ
ÁK{rÙl¯KÈoziwW{iwWoznpoxÂ{5]oxmÌ]t"oznÌÇ³+ÁK{®"oznp{np"{twW{6~^/nZ?{6®?"mÌl2W{ÁK{rÙl¯KÈoziwW{iwWoznpoxÂ{7nZ~Qmp{]{m0nZ~
np"{yÅ
Æ7?{ ¯+iKnZ?{oÙdy|{nZ?~+ÁÊ7~mp²"ãl ~rzrx~^ÊÇÅ
Æ7"{ÁK{WozŁi?{mQÃw{Ł2oxiwQÃK¯Ê5mZoznZozi?ŁIl®?mp~È
Ł2ml^y ÁK{Z]mpoxÃ?ozi?Łnp?{]ozm]t?oxn /Ãò{}wlÂKox~2mnZ?oq®?mZ~2Ł2ml^y wl20np?{~2mpy ~/lfl]~2rxrz{]nZoz~iQ~^
]~iw]t?mZmp{i+nprx¯|{Ä+{]t?nZozi?ŁF{t?{i+npoÙl^r)®?mZ~+]{Z{nZwl^n*]~2y|yffit?i?oÙl^nZ{6~Â{m5~2i"{È¥Êgl¯Á?lnÌl
Ìwl^i?i"{rqÇÅÆ7?{|i?~nÌlnpoz~iBtw{Á~mdnp"{{|®"mp~2ŁmÌly doqfll^rxrz{Á
­
+j7%
­
~2y|yffit?i?oÙl^nZozi?Ł
{t?{i+npoÙl^r0jmZ~+]{pW{-'*l^iwÁIoq6Ãwl2W{Á~2i
­
Å ÛdÅ Å8~èl^mp{9 6~2mZozŁ2oxiwl^r0i?~nÌlnpoz~i§ä åæYÅFÆ7?{
­
+j ®?mp~Ł2ml^y oÙÝi"{ÄKnQnZmÌliw[~mpy|{ÁBozi+np~ªl:,"ÖÓ"Ü^Í4,"Ö;0ÎqÓ=<ffÞ1>ÌÕ"ÖÓáÍ}ÎqÒÓÃ+¯ñmZ{ÁKtwÇozi?Łoxn
np~ l^i{Úát?oxÂl^rz{}iKnW{n~^®?mZ~+]{Z{Ê5?{mp{%l^rzr]~y|yffit?i?oxl^nZoz~il2Çnpoz~iw ÉlÚÂ{ffiÃw{{iImp{È
®?rÙl2]{ÁÊ5oznZdy li?oz®?t"rql^nZoz~iw;~^Él^mp{ÚÁdÂ2lmpoÙl^Ã?rx{]Å&Æ7?oq)wl^iÉÁ?wl²Koxi?Ł6{Ä+®wliwox~2iQoq)np"{i
npml^iwY~2mZy|{Á oxiKnZ~l6W{n~^Õ
	ZÒ^Ü+Ñ]×ØÎqÒÓ	ÏzÞpÍÇ³2oxiQÊ5?oqÌQlrzr?{Ä+®?rxoq]oxn){Úát?{}iw]ozi"ŁwlÃò{}{i
mp{}y|~Â{Á;ÅjmZ~+ÁKtw]nZoz~impt?rx{lmp{QnZ?{drx~^Ê{nrz{}Â{r;®?mZ~2ŁmÌl^y ÁK{Z]mpox®?npox~2i-oxi-nZ?{QÁK{ÚozŁi
y|{nZ?~+Á(/np?{¯ªliÃw{ã{loxrz¯Ioxyãt"rql^nZ{Ál^iÉÁl^iªÃò{%l^t?nZ~2y lnpoq}l^rzrx¯-oxy|®?rz{}yã{i+np{}Áoxi
­

ß
wÅÆ7?{¯kl^mZ{ffil^rqW~ t+÷ ]ox{i+nprz¯FŁ2{i?{}mÌl^r/np~FÃò{QtÉ{]t?r/ozi ®w{]oÐ¯Koxi?Ł@?A+h5]oxmÌ]t?oxnÌ
~2t"nÌoÙÁK{np?{fl]~iKnZ{Ä+n5~^&np?oÙ5ÁK{oxŁ2iky|{np"~+Á;Å
hYi np?{®?mZ~+ÁKtw]nZoz~2ikmpt?rx{i?~2nl^npox~2i lQ]ozm]t?oznoq5ÁK{Úp]mZozÃw{Á|ozi np{}mpy 0~^&oznÌ7ÂlmpoqlÃ?rz{Ú5l^iwÁ
np"{dÇ~2iwÁKoxnpox~2iw5t?iwÁK{}mÊ5?oÙç nZmÌl^iÉoznZoz~iwD~i-nZ?{{Âl^mZoqlÃ?rz{5~+]t"mÅB 0l2Ì ®?mp~+Á+tw]npox~2i
mpt"rz{7Él2nZ?{~mpyDCFE G³2Ê5?{mZ{HCñoÙlÃò~~rz{liã{}ÄK®?mZ{pWoz~id~2iflnp?{ÇozmÌÇt?ozn òÂlmpoqlÃ?rz{Ú
l^iÉÁ:GffoÙl Í}ÎqÔÕwÏxÞffiÖ^ÍÌÍ}ÎI<Ó?ÔãÞÇÓ+×J%{Å Ł"Åz³ffKML liwÁ:KMN Ç~2mpmZ{®w~iwÁ nZ~OKëQP ×+	6?ÞQliwÁRKëSP
}Ö2Ï ÍÞT'ÌÅUCþoqQ}l^rzrx{ÁnZ?{V<KÖ	ZÜã~^np?{ ®?mZ~+ÁKtw]nZoz~i
mpt"rz{Åª-t?rznZoz®?rx{ã®?mZ~+ÁKtw]nZoz~iñmZt?rz{Ú
Ê5oznZffoqÁK{}iKnZoqlr5Ł2twlmÌÁ?kl^mp{~np{iffÊ5mZoznZnp{iffÊ5oxnp§lBoxi?Ł2rx{-Ł2tÉl^mÌÁ§l^iÉÁRW{Â{mÌlr6Wozy|®"rz{
l2ZoxŁ2i?y|{}iKn]ÅWCFE >XLMYßZNMY6KZLgoq/l^iffil^Ã"Ã?mp{Â+oqlnp{Á ~mpy ~^[C\E >]L+³C\E ß.N+³^CFE KZL+Å
Û®?mp~+Á+tw]npox~2impt"rz{_`	çÞZÍ%{ÄK{Ú]t?np{ÚÉoxnÌ)lpoxŁ2i?yF{iKn'wW~2y|{nZozy|{&lÚnZ{m)ozn;Ł2twlmÌÁ{Âl^rztÉl^np{Ú
np~knpmZt?{Å h¥np?{QuwmZozi?Łk~^l®"mp~+ÁKtwÇnpoz~impt"rz{FÁK~{di?~nQÌwl^i?Ł{ l^i+¯I]oxmÌ]t?oxnÂ2lmpoÙl^Ã?rx{ 
Âl^rxt?{³wnp?{iknp?{6uwmZozi?ŁFoql^rxrz{ÁIâÖÑ+Ò2ÍÇÅh¥lduwmZozi?Ł Á+~{6Ìwl^i?Ł{QW~2y|{Âl^mZoql^Ã"rz{³?nZ?{
uwmZozi?ŁQoÙ5l^rxrz{ÁÞaÞZÑ]×ØÎqâ^ÞÌÅ
jmp~+ÁKtÉ]npox~2iBmpt?rx{QÁK{Z]mpoxÃw{|Ãw~2npË]~yãÃ"oziwlnp~2mZoqlr7liwÁBnl^np{}È¥?~rqÁKoxi?ŁŁlnp{ÇÅsoxŁ2t?mZ{I´
¶
"~^ÊnZ?{7®?mZ~+ÁKtw]nZoz~iQmpt?rx{l^iÉÁdnpmÌliwoÙnZ~2moxy|®?rz{}y|{]i+nÌlnpox~2iww~^lcb6ÛcbñŁlnp{liwÁãli
ozi+Â{mZnpozi"ŁQ-t?rxrz{m
­
È¥{rx{y|{i+nÅ^b~2nZ{ nZwl^nnp"{dWnÌlnpoqÇozý{mtw{ÚÁnp~Q"~2rqÁ np?{
­
È{rz{}y|{i+n 
nl^nZ{oÙ;i?~2n/{Ä+®?rzoÙ]oznZrz¯gÁK{pÇmpozÃw{Á6oxi nZ?{®?mZ~+ÁKtw]nZoz~idmpt"rz{ÇÅÆ7"oq)oq;Á+t?{0np~np?{{}y l^i+npoÙ
~^®?mZ~+ÁKtw]nZoz~impt?rx{*uÉmpozi"Ł?ë5{l2ÌuÉmpozi"ŁãoÙ{t?ozÂl^rx{i+n7np~%l^iIl2ZoxŁ2i?y|{}iKn5nZ~ lãÂl^mZoql^Ã"rz{Å
Æ7+twDnZ?{Âl^mpoÙl^Ã?rx{fl?~t?rqÁ|?~rqÁoxnÌ7Âl^rxt?{t?i+npozr~y|{6~2nZ?{m®?mp~+Á+tw]npox~2ikmpt?rx{uwmp{Ú5l^iwÁ
lffiÁKovú{mZ{iKngl2ZozŁi?y|{i+n7nl^²{7®"rql2Ç{Å
d
Öe
d

Öfg
E Ñ;L
E Ñ;N
Ü*fBÞ
d
Ühf
d
Þ
E N
E L
C
d
f
e
c
b
a
GND
Vdd
c
b
a
Vdd
GND
staticizer
w
f
e
d
sozŁt?mp{ffi´2ë0hYy|®"rz{yffi{i+nÌl^nZoz~iQ~^`b6Ûib6RŁlnp{ l^iwÁ ozi+Â{mpnZozi?Ł
­
È{rz{yF{iKn}Å
Æ7?{mZ{ffil^mZ{ãnWÊ7~F®?mp~®ò{}mpnpox{nZwl^n®?mZ~+ÁKtw]nZoz~2iImpt"rz{ffi{}nÌ6yãtÉnpl^nZoqY¯()np"{{Q®?mZ~2®w{mZnpoz{Ú
l^mZ{np{mZy|{Á|WnÌl^Ã"ozrzoxnW¯|liwÁ|i?~2i?oxiKnZ{m{}mp{iwÇ{Ånl^Ã?oxrzoxn¯ffioq5Á+{]uwi?{Á lg~rzrz~ÊÇë
Û ®"mp~+ÁKtwÇnpoz~i
mZt?rz{jCkE GNoÙãÍÇ×YÖÇÏzÞdoÐ6{Â{}mp¯npoxy|{lC Ãw{Ç~2y|{npmZt?{ ozn
mZ{y l^oxiwnZmpt?{t?i+npoxr;nZ?{fll2pWozŁi?y|{i+nJGBoÙ5]~2y|®"rz{nZ{Á;Å
b~i?ozi+np{mW{mp{}iw]{/~2i?rx¯mZ{rqlnp{;nZ~flÑÌÒÔÕwÏzÞÇÔãÞÇÓK×ØÖ	Çß®?mp~+ÁKtÉ]npox~2idmZt?rz{Ú]³npÉl^n)oqÇ³®?mp~+Á+tw]npox~2i
mpt"rz{~np?{d~mpy Ccm!E KZLFl^iÉÁnCBopE KMNQ~2mfl~y|{HK?Åqb~i?ozi+np{mW{mp{}iw]{6oÙ6ÁK{]uwi"{Á
l27~2rxrz~Ê]ë
å
Æ7Ê~B]~2yF®?rz{yF{inÌlmp¯I®?mp~+ÁKtÉ]npox~2i§mpt?rx{pCcmrE KMLªl^iwÁsCBotE KMNªl^mZ{
Ó?ÒÓ"ÎqÓK×Þ-	uÞ	ÇÎqÓ=<doÐ0liwÁ~i?rz¯|oÐ
d
%CcmHfjCBoff'0?~rqÁ?7oxiKÂl^mZoqliKnZrz¯Å
I{Qlrzr/lffi{n~^0®"mp~+ÁKtwÇnpoz~impt?rx{5nl^Ã?rx{QliwÁ-i?~2i"ozi+np{mW{mpoxi?ŁQov&{l2Ì-oxiwÁKoxÂKoÙÁKtwl^r®?mp~È
ÁKtwÇnpoz~imZt?rz{QoÙnÌlÃ?rz{Fl^iÉÁl^rxr0]~2yF®?rz{yF{inÌlmp¯ ®?mp~+Á+tw]npox~2iImpt?rx{l^mZ{ãi?~i?ozi+np{}m{mZozi?Ł
äv´}ê^æØÅ
hYiK~2mZy l^rxrz¯³np"{6WnÌl^Ã"ozrzoxnW¯ffil^iwÁãi"~2i?oxiKnZ{m{mZ{iw]{mp{t?oxmp{y|{}iKn~m7®?mZ~+ÁKtw]nZoz~2iFmpt?rx{~2rzÈ
rz~Ê=ÁKozmZ{]nZrz¯Qmp~2y np?{oxm5ozy|®"rz{yffi{]i+nÌlnpox~2iffiozi
­

ß
wÅwsozŁt?mp{
fi
ŁozÂ{7nZ?{ozy|®?rx{yffi{inÌlÈ
npox~2iQ~)nWÊ7~Ç~2y|®?rx{yffi{iKnl^mZ¯®?mZ~+ÁKtw]nZoz~iãmZt?rz{/npwlnÊ5ozrxrKoxrzrztÉnpml^nZ{5np?{W{7mZ{át"ozmp{}y|{i+nÌ]Å
d
Ö
vfIÑ
E Ü]N
E Ü]L
a
b
c
Vdd
GND
d
staticizer
w
d’
soxŁ2t?mZ{
fi
ë0jmp~+ÁKtwÇnpoz~i-mZt?rz{ozyF®?rz{yffi{inl^npox~2i)Å
Æ7?{Fnl^Ã?oxrzoznW¯ l^iwÁi"~2i?oxiKnZ{m{mZ{iw]{flmp{t?oxmp{y|{}inÌ5i?~Ê Ãw{]~y|{ffi]rz{Úl^mÅffih¥®?mp~+Á+tw]npox~2i
mpt"rz{
d
ÖE Ü]NoÙ t?iÉnÌlÃ?rz{5nZ?{ikÖ y%lÚ¯Ãò{Ú]~2y|{0Øl^rÙ{5y|~y|{i+nÌl^mZozrÐ¯l^iwÁQt?oqÌ²+rz¯6mZ{npt?mZi
np~nZmpt?{èÅÆ7+twdnZ?{ ]~iwÁKtw]nZozi?Ł®Él^npmZ~2yw?Á?Ánp~yx=zy%lÚ¯i"~2nQmp{}y l^oxi]~iwÁKtwÇnpozi"Ł
t+÷ ]ox{i+nprz¯krz~i?Ł~mQi?~+ÁK{IÜnp~kÃò{%{nfl?ozŁ)³Ê5?oqÌª]~2t?rÙÁl2ZoxŁ2iËl^iBoziÉÁK{np{}mpy|oxiwl^nZ{
Âl^rxt?{nZ~kÜ;Ås?t?mZnp?{mZy|~2mZ{³2oÐ)np"{{6nWÊ~ ®"mp~+ÁKtwÇnpoz~i mpt?rx{0l^mp{ozi+np{mW{mpoxi?Ł6np"{i
d
ÖQl^iwÁ
JfËÑÝyFozŁ2+nÃò{Ú]~2y|{ffiWozyffit?rznl^i?{}~2twWrz¯ npmZt?{³)mp{Wt?rznZozi?Ł oxiIl-"~2mpnmp~yk?Á?Á-np~|{ib6
npÉl^n]~2t?rÙÁ l^rqW~|lpWozŁ2i l^i oziÉÁK{np{}mpy|oxiwl^nZ{Âl^rxt?{np~ Ü;Å
Ûrxnp?~t?Ł2 Wozyffit?rqlnpox~2iffiliÃw{6tÉ{ÁãnZ~QÌ?{Ì² ~m5oziwWnÌl^Ã"ozrzoxnW¯Ql^iÉÁ%oxiKnZ{m{}mp{iwÇ{³^oxn7oÙi?~n
Ł2tÉl^mÌliKnZ{{Ánp~uwiwÁBlrzrtÉçB®?mZ~2Ã?rx{y ]ÅIÆ/l^²{³~2mQ{}Ä?ly|®?rz{è³l®?mZ~+ÁKtw]nZoz~2iËmpt?rx{ {}n
]~iKnl^ozi"ozi?ŁQnZ?{6~2rzrx~Ê5ozi?ŁQ®?mZ~+ÁKtw]nZoz~i-mpt"rz{Çë
}
%1~;' Ö
%' 
%' Öf|
E ;L
E ÖN
E Ñ;L
Û6Zt?y|{5nZwl^n5nZ?{Wozyffit?rqlnp~2ml^®?®?mZ~ÄKoxy l^nZ{®?K¯"oÙl^rÁK{}rql¯?Ã+¯|lpWozŁ2i"ozi?Łflnp~Q{lçffi®?mp~È
ÁKtwÇnpoz~i
mZt?rz{klIÁK{rql¯Ãw{nWÊ{{iBnp?{knpoxy|{ãoxnãÊ5oxrzr5Ãw{-{}iwl^Ã?rx{ÁBl^iwÁ
Ê5"{i
oxnQÊ5ozrzr7uÉmp{Å
%YÆ7"{ÁK{rÙlÚ¯ffiÇ~2t?rÙÁãÃw{ ÃÉl2{ÚÁ;³á~m5{Ä?ly|®?rx{³^~i np?{Wozý{ÚliwÁãØl^i?~t?nÌ7~nZ?{6Łèl^np{Ú7npwln
Ê7~t?rqÁozyF®?rz{yffi{ÇiKn5nZ?{ffi]ozm]t?oxnÅQ'y;{nnp"{ffiÁK{rql¯"D~2m@%-'³%+'Z³/l^iÉÁR%+'Ãw{ ´ê+³¶2ê+³/l^iwÁ
fi
êdnZozy|{t?i?oxnÌmZ{®w{ÇnpozÂ{}rz¯Å/Æ7?{iFÊ5?{i?{Â{}mnp?{*ozyffit?rÙl^np~muwiwÁ"BŁdnpmpt"{6np?{5~2rxrz~Ê5ozi"Ł
{Úát?{}iw]{6Ê5oxrzr;~+}]t?më
ê2ê ŁãÃw{]~y|{nZmpt?{
´ê %14'uwmp{Ú5l^iwÁO5Ãw{]~2yF{nZmpt?{
¶2ê %'uwmp{Ú5l^iwÁVÃw{]~2yF{nZmpt?{
åê %'uwmp{Ú5l^iwÁVŁãÃw{]~2yF{Ølrq{
Æ7+twnp"{5oxyãt"rql^nZ~2m)Ê5oxrzruwiwÁdnpÉl^nÊ5?{}i?{Â{mÖfgÃw{Ç~2y|{)npmZt?{³oznmZ{y loziw;nZmpt?{t?iKnZozr
Ñ;Lg]~2y|®"rz{nZ{]Å
2iK~mpnpt"iwl^nZ{rz¯6nZ?oq;oÙòi?~nnZmpt?{&oziŁ2{i"{mÌlrQffoÐ+np?{ÁK{rql¯l2Z~+]oÙl^np{ÚÁ Ê5oznZ
%'wÊ5l)çÉl^i?Ł{Á*mZ~2y ¶ê7npozyF{t?i"oznÌ;nZ~d´}êDnZ?{iqŁ5Ê7~2t"rqÁ Ãw{Ç~2y|{)Øl^rÙ{0Ãw{]~2mZ{J%+'wÊ~2t?rÙÁ
Ãw{QlÃ?rz{flnp~ãuwmZ{ÅÆ7KtÉD®?mZ~+ÁKtw]nZoz~impt?rx{%'Ê7~2t"rqÁÃw{flt?iwnl^Ã?rx{ffil^iwÁ np?{ ]ozm]t?oxn]~2t?rÙÁ
Øl^oxrYÅ=Æ7?oq|ÇozmÌÇt?oznQoÙÝnZ?{mp{Ç~2mp{ki?~2n%ÁK{rql¯+È¥oxiw{}iwoxnpozÂ{95çÉl^i?Łozi?ŁBÇ~2y|®w~2i"{iKnFÁK{rÙl¯?
liIçwli?Ł2{floznÃw{wlÂKox~2m}Å6Æ)~ ÁK{nZ{]nnp?oÙ6~mpn6~7{}mpmp~myF~2mp{fl{Ä+wl^twWnpoxÂ{ Â{}mpovuòl^nZoz~2i
y|{nZ?~+Á?7nZwl^i ozyF®?rz{oxyãt?rÙl^nZoz~2iFl^mZ{mp{t?ozmZ{Á;Å

 &"»5À6B¿WQºÀ}¼|¹  "º ¼-½
I{dÃw{Ł2oxiÊ5oznZ-np"{Qoxi?Ł2rx{Qlpt"y|®?npox~2ikÊ7{dmZ{t?ozmZ{*~m6Â{mZovulnpox~2i)ÅI{dmZ{t?ozmZ{ ~i?rz¯
npÉl^n5np"{6®?mp~+Á+tw]npox~2i mpt"rz{W{n7Ãw{ffiÑ]Ï Ò^ÍÞZÜ*Ãw{]~mp{Ê7{}l^i Ì?{Ì²d~2mgnÌlÃ?ozrxoznW¯Fl^iwÁ|i?~i?ozi?È
np{}m{mZ{iw]{Å
Û§{n&~^/®?mZ~+ÁKtw]nZoz~2iffimpt"rz{oqÑ]Ï Ò^ÍÞZÜDov l^iwÁQ~2i"rz¯Qov~2m0{Â{mZ¯Â2lmpoÙl^Ã?rx{~np?{m
nZwl^ik5{{ntw{ÚÁ%oxi ld®?mZ~+ÁKtw]nZoz~2i mZt?rz{ Ł2twlmÌÁnZ?{mZ{6{Ä+oqn7l®?mp~+ÁKtÉ]npox~2i
mZt?rz{Á+{p]mZozÃ?oxi?Łffil^i l2ZozŁi?y|{i+n7nZ~ãnZwl^n5ÂlmpoqlÃ?rz{èÅ
Æ7?{lpWt?y|®?nZoz~2iffi~^&Çrz~Wt?mp{oqi?{]{Úpplmp¯ffiÃw{l^tÉ{6Ê{oxiKnZ{iwÁQnp~dÂ{}mpov¯fl~2t?m®?mp~+Á+tw]npox~2i
mpt"rz{fl{nÊ5oznZ-y|{}np?~+Á oxy|ozrÙl^m0np~%ozyffit?rÙl^npox~2i)ÅI{i?{{Á np~ffiwlÂ{®?mp~+ÁKtÉ]npox~2i-mZt?rz{Úg~m
{lçQÂl^mZoqlÃ?rz{5nZwl^n0Ê5ozrxr?Ìwli?Ł2{³oziw]rxtwÁKoxi?Ł6np"{]ozm]t?ozn ;oxi?®?t?n&mZ~2yðnp?{5{i+Â+ozmp~i?y|{i+nÅ
b~np{0npwln){Ä"l2]n/W®ò{Ú]ovu}l^npox~2i~^"np"{{}iKÂ+ozmZ~2i?y|{}iKn?Ê5oxnp®?mZ~+ÁKtw]nZoz~2iflmpt?rx{;oq;i"~2n/l^rxÊ5l¯"
®w~ZozÃ"rz{^~m){Ä"l^y|®?rx{³Ç¯+iwÌ?mp~i?ozýlnpox~2ifll^iwÁfll^mZÃ?oznZmÌl^nZoz~id}l^i?i?~nÃw{0{Ä+®?mp{Úp{ÚÁ*oxinp{mZy 
~^ ®?mp~+Á+tw]npox~2iNmZt?rz{Ú]Åþ{{ªÛ®?®w{iwÁ+ozÄffÛ~2m oxiK~2mZy l^nZoz~2i§lÃw~2t?nk?~Ê {iKÂ+ozmZ~2i?yF{iKn
®w{Çovulnpox~2i oq5ÁK~i?{doxi|®?ml2]nZoq]{Å
W Wci
 ¡[¢*£r¢¤`¥¦( §(¨A©
Û6Zt?y|{*lQ]rz~è{Á|®?mZ~+ÁKtw]nZoz~2ikmpt?rx{fl{nWª Ê5oznp Âl^mZoqlÃ?rz{W«X¬]³X«X­]³)ÅxÅzÅx³®«®¯+Å
Û ]oxmÌ]t?oxn|WnÌlnp{Ioq|lÂ{]nZ~2m|Ê5oxnpff~i?{{}rz{y|{}iKnfl®ò{}m-ÇozmÌÇt?oznffiÂl^mpoÙl^Ã?rx{Å° lç§Â{]nZ~2m
{rx{y|{i+n/l^iFwlÂ{nZ?{Âlrzt?{ê ~m6´2Å
¬
s?~m7{Ä"l^y|®"rz{³±gä³²æ?oÙnZ?{Âlrzt?{~^«X´5oziFnÌlnp{$±Å
ÛR®?mZ~+ÁKtw]nZoz~imZt?rz{oq7ldnWÊ~2Ènpt?®?rx{]~iwoÙnpoxi?ŁQ~^ldÃw~~2rx{l^ik{ÄK®"mp{Zoz~i l^iÉÁlikl2pWozŁi?È
y|{i+nÅI{flÁK{]uwi?{flW{Â{mÌlròt?iÉ]npox~2iw5~2iknl^nZ{liwÁ®"mp~+ÁKtwÇnpoz~i-mZt?rz{ÇÅ
s?~2m5®?mZ~+ÁKtw]nZoz~i-mpt"rz{6Õ/³? ?¦/¨=%¥Õ'0oÙ7np?{floxy|®?rx{l2pWozŁi?y|{i+nc%npmÌliwoxnpox~2i('0nZwl^nÊ5ozrxr;Ãw{
®w{m~mpy|{ÚÁÃ+¯nZwl^n®?mp~+ÁKtÉ]npox~2impt"rz{Ås?~2m{Ä"l^y|®"rz{³? ?¦/¨=%
d
>µ¶fO>·ceO>¸E >4¹®L'cP
>4¹®L+Å
s?~2mQ®?mZ~+ÁKtw]nZoz~iñmZt?rz{ ÕËl^iÉÁ
nl^nZ{gG³K¦õ%ÕY6±º'6oqdnZmpt?{ oÐl^iwÁ~2i"rz¯oÐnp?{ Ãw~~2rx{l^i
{Ä+®?mp{Úpox~2iffi~^/Õ|{}Â2lrztwlnp{0np~npmZt?{H%oYÅ {èÅz³ÕoÙ{iwl^Ã"rz{Á]'/Ê5?{}iãoxnÌÂlmpoqlÃ?rz{Úlmp{l2ZozŁi?{Á
np"{ Âlrzt?{7oxiOG7Å
s?~2mffi®?mp~+Á+tw]npox~2iffmZt?rz{kÕ§l^iwÁffWnÌl^nZ{!G³»W%ÕffY±'oÙÝnZmpt?{kov*l^iwÁ
~i?rz¯BoÐflK¦õ%ÕY6±º'f
%1% ?¦/¨=%¥Õ'WP&>¼Lf½±gä³²èæP=ê'Je¾% ?¦¨¿%¥Õ'JP°>¼TNf½±gä³²æP ´T'1'ÅÆ7+twÇ³w»W%¥ÕY6±º'0oÙ
npmZt?{ovl^iwÁ ~2i?rx¯ ov&ov&®?mp~+ÁKtÉ]npox~2i-mZt?rz{Õ l^i l^twW{np?{ ]ozm]t?oznnp~FçÉl^i?Ł{dWnÌlnp{dÊ5"{i
ozikWnÌl^nZ{HG7ÅºI{d}l^rzrtwÌ ®?mp~+Á+tw]npox~2ikmpt?rx{dÞaÞZÑ]×ØÎqâ^ÞÌÏÐß-ÞÇÓ"Ö]ÏzÞZÜdoziOGÅ
ÀÁÂXÃÅÄTÆºÇÈIÉÇÊTÈIÃË ÌÉÍÆ§ÌÅÆÎÃÏIÐ6ÑÈSÇÈIÌÒ4ÏIÌÍÐ`Ó=Æ§ÈIÔTÑBÃÅÆÎÌÅÃÅÆ1ÕÖ×Æ1ÇÃÅÐ6ÉÆ§ÏIÆ§ØJÆ§ÔÃÅÌÇ§Ò-Ô¶Ò-ÏIÌÅÐBÄ¿Ò1×6ÆÃÍÄTÆº×Ò-ÏÙÊ;ÆÚÛÂÜÐ6É
ÊTÔ¿ÕÆÝ¿ÔTÆÕÞ
ß
s?~2m5®?mZ~+ÁKtw]nZoz~i-mpt"rz{ÕliwÁ-WnÌl^nZ{HG7³ K¨}ï¤q%¥ÕY6±º'&oq5ÁK{]uÉi?{Á l27~2rxrz~Ê]ë
ì
 ?¦¨¿%¥Õ'P°>¼L@fB+¦;õº%¥ÕY6±º'oxy|®?rzox{ +¨ï¤q%ÕffY±'ºPtàÎááÜáY6±gäI²câff´ÇæY´¿Y6±gä³²Aãff´ÇæYáÜááäÅ
ì
 ?¦¨¿%¥Õ'P°>¼N@fB+¦;õº%¥ÕY6±º'oxy|®?rzox{ +¨ï¤q%ÕffY±'ºPtàÎááÜáY6±gäI²câff´ÇæYÌêMY6±gä³²Aãff´ÇæYáÜááäÅ
ì
d
+¦;õº%¥ÕY6±º'ozy|®"rzoz{Ú K¨ï/¤q%¥ÕY6±º'P°GÅ
s?~2mfl{Ä?ly|®?rx{³/ ^+¨ï/¤î9%Î>TµE >·L+³Wà´¿YÌêZä1'HPåàW´=Y´=ä³Ã?t?nffi K¨}ï¤q%Î>µE >·ZL+³[à¥êMYÌêZä4'$P
à¥êMYÌêZäÌÅ
rz{}nBærPUç=±Xè ¯ èIé§êfll^iÉÁrz{}nBë PUçê
ìWí=îï ð
æsñPUçêqò=ó
mp{yF~^Â{nl^nZ{±mZ~2yôæ
rz{nWõöPUç4÷ùøOªsú2+¦;õº%¥ÕY6±º'ê
rz{nWõ z PUç4÷ùøOõûú»W%¥ÕY6±º'ê
î ü[ý
÷
Y4þ$øOõ@Y´$ß¾²ß tÉç npÉl^n ?¦¨¿%¥Õ'BPö>¼TL l^iwÁ  ?¦/¨=%4)='JP°>¼N
íTð
mZ{®w~2mpnozi+np{}m{mZ{iw]{5Ãw{nWÊ7{}{i@÷-liwÁùþdoziknl^np{H±
ü
ó {Úl2Ì÷ùøOõ
z
ò=ó
rx{nJ±
z
P§ K¨ï/¤q%¥ÕY6±º'
î üBý
þ$øOõ
z
WtwÌnZwl^n
d
+¦;õº%4)Y6±
z
'
íTð	
mp{}®ò~mpniþdt?iwWnÌl^Ã"rz{
î ü
±
z
ñøOë 
íTð
rz{}nWæFP¾æ
Oç=±
z
ê
ð
ò
ü
ó
rz{nWë P¾ë 
|ç=±`ê %y lmp²ù± '
ð
ò
ìWí=îï ð
soxŁ2t?mZ{¶Kë5{t?{i+npoÙl^r;Â{}mpovuòl^nZoz~2i%l^rzŁ~2mZoznp"yÅ
soxŁ2t?mZ{6¶6Ł2oxÂ{np?{{Úát?{}iKnZoql^r"Â{mpoÐul^nZoz~iffil^rzŁ~2mZoznp"y oziffinp{mZy  ~/np?{l^Ãw~Â{5t?iw]nZoz~2iÉ
l^iÉÁRW{n ~2®w{mÌlnpox~2iwÇÅþÆ7?{IlrzŁ2~mpoxnp?y W{l^mç?{Ú|l^rxrdWnÌlnp{|npÉl^nkl^i§Ãw{mZ{l2Ì?{Á
Ã+¯
®?mZ~+ÁKtw]nZoz~2iªmpt?rx{ÝuwmZozi?Łè Ãw{Łozi?i?oxi?Ł-oxioxi?oznZoqlr7WnÌlnp{ù±
è
¯
èÙé
Å t"mpozi"Ł-np"oq{lmÌÌ)³oÐ5nZ?{
l^rxŁ2~mpoznZ?y uwiwÁ?Flnl^np{koziËÊ5?oqÌ
nWÊ7~ª]~y|®?rz{}yã{i+nÌlmp¯®?mZ~+ÁKtw]nZoz~iffmpt?rx{ãlmp{kÃò~np
{iwlÃ?rz{ÚÁ;³?ozn5mZ{®w~2mpnli-oxiKnZ{m{mZ{iw]{®?mZ~2Ã?rx{yÅ0h¥oxn7uwiwÁ?lQnpmÌliwoxnpox~2i-Ãw{nWÊ{{iknl^np{Ú
npÉl^nÁKoqZl^Ã?rx{0l^i|{}iwl^Ã?rx{Ád®?mZ~+ÁKtw]nZoz~2iFmpt?rx{5Ãò{Ç~2mp{oznliÝuÉmp{³ozn&mp{®w~2mZnÌl^iffioziwWnÌl^Ã"ozrzoxnW¯Å
 l^iwÁ l^mZ{ {n ~]ozm]t?oznflWnÌl^nZ{]Å Ûrzr0WnÌlnp{doxi mp{}y l^oxinZ~-Ãw{|{Ä"l^y|oxi?{Á;Å
oql|{n~^py lmp²{ÁãWnÌl^nZ{Ê5?oÙçknp?{ffilrzŁ~2mpoxnp?y wl2l^rzmZ{l2Á+¯-{Ä"l^y|oxi?{Á;ÅcG l^iwÁpG
z
l^mZ{ffinl^np{Ú]Å liwÁ
z
l^mZ{ffi{n~^g®?mp~+Á+tw]npox~2iImpt?rx{]³Ê5oznpIlrzr/®?mp~+Á+tw]npox~2iImpt?rx{oxi
{iwlÃ?rz{ÚÁ oxipGNliwÁlrzr®?mZ~+ÁKtw]nZoz~impt?rx{6ozi
z
{]ú{ÇnpozÂ{}rz¯ {iwlÃ?rz{Á-oxiRGÅù±
è
¯
èÙé
oq6nZ?{
]oxmÌ]t?oxn ozi"oznpoÙl^rnl^nZ{Å=oq5lffi{nÇ~2i+nÌl^oxi?ozi"Łffil^rzr)nZ?{fl]ozm]t?oxn 0®?mp~+Á+tw]npox~2i mpt"rz{ÇÅ
fffl¤?¥«fiÆ7?oql^rxŁ2~2mZoznZ?y4uwiÉÁ?6l^rxroxiwnl^Ã?oxrzoxnpoz{Ú5l^iwÁozi+np{mW{mp{}iw]{0ozi-®"mp~+ÁKtwÇnpoz~imZt?rz{
{}nWª ~^Â{}m7Âl^mZoql^Ã"rz{B«X¬³(ááá³X«®¯+Å

fl )Éóffifi5{]uwi"{dlQÁ+ozmp{Ú]np{ÁQŁ2ml^®?  lg~rzrz~ÊÇÅº;{n5{l2Ì|Â{mZnp{ÄQ~0np"{6Ł2ml^®?kÃò{~i?{
~^gnp?{
fi
¯
®ò~èpWozÃ?rx{|]oxmÌ]t"oznWnÌl^nZ{]Å@;{nnZ?{mp{QÃw{Fl^i{ÚÁKŁ2{dmZ~2y Â{mZnp{ÄV«nZ~Â{}mpnp{}Ä"!
ovnZ?{mp{Q{}ÄKoÙnÌl%®"mp~+ÁKtwÇnpoz~imZt?rz{A÷IWtwçInpÉl^nfl K¨ï/¤q%¥ÕY4«('WP#!wÅHb~np{QnpÉl^n y l¯
]~iKnl^oziIÇ¯?]rx{]Åq;{nfll^rxrÂ{mZnpoqÇ{7Ãw{ãoxi?oznZoql^rxrz¯ t?i?y%l^mp²{ÚÁ;Åc{ffiÇrql^oxynZwl^nfll^rxrÂ{mZnpoqÇ{
mp{Úl2Ìwl^Ã?rx{mp~ynp?{Â{mZnp{Äffi]~mpmZ{®w~2iÉÁKozi?ŁFnp~ffinl^nZ{± è ¯ èIé Ê5ozrzr{Â{i+nptwlrzrx¯QÃò{fly l^mZ²{Á;Å
soxmÌnffiÊ7{k®?mp~Â{ npÉl^n|nZ?{lrzŁ2~mpoxnp?y np{mZy|oziwlnp{ÇÅRoxiw]{ np?{}mp{lmp{ l uwi?oxnp{-i+t?yffiÃw{m
~^®"mp~+ÁKtwÇnpoz~impt"rz{6np"{ãoxi?i?{m
ü
órx~~2®yffitwWn6np{mZy|oziÉl^np{èÅ
­
~iwoÙÁK{mnp"{ {nqæ$
OëðÅ
nl^np{Úlmp{5i?{Â{}m)mp{y|~Â{Á7mp~y np?oÙW{nÎ ovÉl6nl^np{oq)mp{yF~^Â{ÚÁDmp~yöæ
oxn)oq){Â{i+nptwlrzrx¯
l2Á"ÁK{ÁQnp~Aë Å0hYi?oxnpoÙl^rzrx¯$± è ¯ èIé ñøyë Å0s?t?mpnZ?{mpyF~2mp{è³{l2Ì±
z
l2Á?ÁK{ÚÁÝnZ~Aæ oÙi?~noxi@ë %oYÅé{Å
æ&%Vë P(''Ì³ÁKt?{dnZ~|np"{dnp{Únozi-nZ?{
î ü
nl^np{}y|{i+nÅÆ7Ktw{l2Ì-oxnp{ml^npox~2ik~^0nZ?{
ìWí=î ï ð
rz~~®-y|~Â{~i?{flnÌlnp{6mp~yôæ nZ~@ë Å5oziwÇ{6np?{i+t?yffiÃò{}m~®w~èpoxÃ?rz{mZ{l2Ìwl^Ã"rz{flnl^np{Ú
~2i) ãÂl^mZoqlÃ?rz{/oq uwi"oznp{è³]ú æ*
ië7úoq)uwi?oznZ{ÅÆ7"{mp{]~mp{[æ Ê5oxrzr+{Â{i+nptwlrzrz¯Ãò{Ú]~2y|{0{yF®?nW¯
l^iÉÁnp"{
ìWí=î ï ð
rz~~®-Ê5ozrxr;{Â{}iKnZtwl^rxrz¯Qnp{}mpy|oxiwl^nZ{Å/Æ7Ktw5np"{dlrzŁ~2mpoxnp?y np{mZy|oziwlnp{ÇÅ
t?®"®ò~è{|nZ?{mZ{Q{ÄKoÙn6~y|{ffinl^np{QmZ{l2ÌwlÃ?rz{dmZ~2y ±Xè ¯ èIé7nZwl^noÙt?i?y lmp²{Á t?®w~2inZ{mpÈ
y|oxiwl^nZoz~2iÅÆ7?{iËnp?{}mp{ yãtÉnd{}ÄKoÙnQW~2y|{ i?~i?{y|®"n¯ªt"Ãw{n,+~t?i?y%l^mp²{ÚÁnl^np{Ú
mp{Úl2Ìwl^Ã?rx{dmp~y ±Xè
¯
èIéWÅQÆ7?{Quwmnflnl^np{}y|{i+n~7nZ?{Fl^rzŁ~2mZoznp"y®?rÙl2]{A±Xè
¯
èÙé7ozi+np~ æd³/~
np"{
ìWí=î ï ð
rz~~®BÊ5ozrzr&{ÄK{Ú]t?np{ffilnQrz{ln~2iÉ]{ l^iÉÁR±Xè
¯
èIé5Ê5ozrxrÃw{|y%l^mp²{ÚÁ;Å|oziwÇ{Û±Xè
¯
èIé5oÙ
ozi"oznpoÙl^rxrz¯ y l^mZ²{Á-liwÁIl^rzrWnÌl^nZ{6ozi+ l^mZ{ãmZ{l2ÌwlÃ?rz{dmZ~2y ±Xè
¯
èIéW³)np?{}mp{Qyffitwn6{}ÄKoÙnln
rz{Úl2n~2i?{y lmp²{ÁQÂ{mZnp{Äflozi" ]~2i?i"{]np{ÚÁãnp~ffilit"i?y l^mZ²{ÁQÂ{mpnZ{Ä;Å/hYi|nZ?{fll^rzŁ~2mZoznp"y³
Ãw{]~2mZ{fllãWnÌl^nZ{oq7y lmp²{Á;³+lrzr/nl^nZ{7ozy|yF{ÁKoxl^nZ{rz¯flmp{lçwlÃ?rz{mp~2y oznl^mZ{fll2Á?ÁK{ÚÁ%nZ~æflÅ
Û6Á?Á+oznpox~2iwlrzrx¯³;{lçp±ffmZ{y|~Â{Áãmp~ywæ oq{Â{i+nptwlrzrz¯ y lmp²{ÁÅÝoxiw]{QnZ?{|lrzŁ~2mpoxnp?y
~2i"rz¯ np{mZy|oziÉl^np{ÚÊ5?{i|æ oq5{y|®?nW¯³+np?{}mp{fll^iÃw{fli?~ tÉçky l^mZ²{ÁãÂ{mZnp{Ä Ç~2i?i?{Ú]np{Á
np~%l^iIt?i?y lmp²{Á|Â{mZnp{ÄÅÆ7Ktwl^rzr&mp{lçwlÃ?rz{flÂ{mpnZoq]{Ú5l^mp{fl{Â{i+nptwlrzrx¯|y l^mZ²{Á;³wW~-lrzr
mp{Úl2Ìwl^Ã?rx{nl^nZ{lmp{{Â{i+nptÉl^rzrx¯QÂKoÙoxnp{Á;Å
Û6Zt?y|{flnpwln6nWÊ7~|®"mp~+ÁKtwÇnpoz~imZt?rz{Ú÷
¬
l^iÉÁÛ÷
­
lmp{QoxiKnZ{m{mZozi?Ł"Å.-7¯ np?{ffiÁK{Çuwi?oznZoz~i~^
ozi+np{}m{mZ{iw]{³np?{mZ{ã{}ÄKoÙnÌW~2y|{ffimp{lçÉl^Ã?rx{|]oxmÌ]t"oznflnl^np{0/ twÌnpÉl^nQ+¦;õº%÷
¬
³/¶'Af
+¦;õº%÷
­
³/¶'Å7oziÉ]{6lrzrmp{lçwlÃ?rz{nl^nZ{5l^mZ{6y l^mZ²{Á;³WnÌlnp{./ffyãtÉn0Ãw{6y l^mZ²{ÁQÃK¯QnZ?{
l^rxŁ2~mpoznZ?yÅ-7{]~2mZ{1/ oÙy l^mZ²{Á;³w?~Ê7{Â{}m³)W{nAõþÊ5ozrxr]~iKnl^oxiÃw~2nZ÷.¬dliwÁÛ÷.­^³l^iwÁ
np"{ oxiKnZ{m{}mp{iwÇ{Ãw{nWÊ7{}{iH÷®¬l^iwÁH÷®­Ê5ozrzrÃw{ mZ{®w~2mZnp{Á;Å
Û6Zt?y|{&npwlnW~2y|{0®?mZ~+ÁKtw]nZoz~2iflmpt?rx{`þ7oq)t?iwnl^Ã?rx{Å/Æ7?{i)³ÃK¯6nZ?{ÁK{]uwi"oznpox~2i~^ònÌlÃ?ozrxoznW¯
np"{mp{5{Ä+oqWnÌ®?mZ~+ÁKtw]nZoz~2iffimpt"rz{`÷ãliwÁãmZ{l2Ìwl^Ã"rz{nl^nZ{2/ËtwÌãnZwl^n»W%¥ÕY3/c'fI»J% )Yffi/¶'
f
d
K¦õ% )Y ^+¨ï/¤î9%¥ÕY3/c'Î'ÅDèoziw]{*l^rzr)mZ{l2ÌwlÃ?rz{flnl^nZ{lmp{y lmp²{Á;³/RÊ5oxrzrÃò{fly l^mZ²{Á
Ã+¯|np?oÙ5l^rxŁ2~2mZoznZ?yÅ4-7{Ç~2mp{/ffoq7y lmp²{Á³á"~^Ê{Â{m}³?{}nWõzwÊ5ozrxr)]~iKnl^ozi Ãw~2nZ÷kl^iwÁVþKÅ
Æ7+tw±z;Ê5oxrzr/{Â{i+nptwlrzrz¯ffiÃw{]~y|{fl ^+¨ï/¤î9%¥ÕY3/c'l^iwÁ-nZ?{QoziwWnÌlÃ?ozrxoznW¯|Ê5ozrxr)Ãw{Qmp{®w~2mZnp{ÁÅ
5
µ
W76 8(9;:=<U¡º¦?>*i4@@
Æ7?{5i?{}{Ádnp~flÌ?{Ì²dlrzrwÇozmÌÇt?ozn&nl^np{ÚmZ{l2ÌwlÃ?rz{0mp~2yû± è ¯ èIé y l²{)np?{5nZozy|{ÈØ]~y|®?rz{ÇÄ+oznY¯
~^np"{|lÃò~Â{kl^rxŁ2~mpoznZ?y {ÄK®w~i?{i+npoqlr0ozinZ?{|i+t?yãÃw{m~]ozm]t?oznÂl^mZoqlÃ?rz{ÇÅhYndoÙ t?i?È
rzox²{rz¯flnpwln5np?oÙnZozy|{ÈØ]~y|®?rz{ÇÄ+oznY¯flliÃw{flt"Ãwnl^i+npoqlrzrx¯ãoxy|®?mp~Â{Á³2l7Ãò~npkoziwWnÌl^Ã"ozrzoxnW¯
l^iÉÁ oxiKnZ{m{}mp{iwÇ{QÌ?{Ì²Koxi?Ł l^mZ{Vb6jÈ¥wlmÌÁ;Ål%ÍI{ãÊ5oxrzr0rqlnp{m ÁKoqZ]twp?~Ê np~{]÷%]ox{iKnZrz¯
ozyF®?rz{yffi{i+nnp"oq5l^rxŁ2~mpoznZ?yÅS'
fl òõ/¤K«fiJ{ozÂ{}i-lffi{}ncª ~0®?mp~+Á+tw]npox~2imZt?rz{Ç³wl^ikozi?oxnpoqlr/nl^np{@± è ¯ èIé ³;liwÁnWÊ~|]~y|È
®?rx{y|{i+nÌlmp¯®?mZ~+ÁKtw]nZoz~2iBmZt?rz{c÷.¬ãliwÁ!÷.­ãozi:ªÝ³ÁK{ÇoqÁK{|oÐB÷.¬ãliwÁ!÷.­ãlmp{kozi+np{mW{mpoxi?Ł
%YWozyffit?rznl^i?{}~2twWrz¯Q{iwlÃ?rz{ÚÁ%oxiklQnÌlnp{mp{Úl2Ìwl^Ã?rx{6mp~2y np?{ozi"oznpoÙl^rnÌlnp{t?iwÁ+{m~y|{{}n
~^ÁK{rql¯"~m®?mZ~+ÁKtw]nZoz~i-mpt"rz{uwmZozi?Łè-'Å
Adù/+ò +«fi0h[i+np{}m{mZ{iw]{ç"{ç²+ozi"Ł oÙBb6jÈ¥Él^mÌÁÅ
fl )Éóffifi7Æ)~6®?mZ~^Â{5nZwl^n&ozi+np{mW{mp{iÉ]{ç?{Úç²+ozi?Ł5oÙb6jÈwl^mÁ;³Ê7{5mp{ÚÁKtw]{np?{Zl^npoÙ[ulÃ?ozrxoznW¯
®?mZ~2Ã?rx{y %W+Û0ÆJ'Qnp~Bozn}Å&;{nVõ Ãw{Il^i§oziwWnÌl^iÉ]{~|+Û0Æ lÃw~~2rz{Úl^iN{Ä+®?mZ{pWoz~2iffoxi
]~iBWt?iw]nZozÂ{5i?~mpy lr?~2mpy@ff~Â{m/Â2lmpoÙl^Ã?rx{º«]¬YáááY4«X´^Å
­
~iwnZmptw]n®?mp~+Á+tw]npox~2i|mZt?rz{{}n
ª ~Â{m5ÂlmpoqlÃ?rz{ÚB«]¬YáááY4«X´6l^iwÁ;Cl]ë
×	ÉÞ
×	ÉÞ

E >µ=LMYááÜáY6>¼4L
E ÞTN
E ÞTL
;{nnZ?{5ozi"oznpoÙl^r+WnÌl^nZ{±
è
¯
èIé
Ãw{5np"{nÌlnp{5oxidÊ5?oÙçffilrzr+Â2lmpoÙl^Ã?rx{ozi*ªNl^mZ{7Øl^rÙ{Å{g]rqlozy
npÉl^nWõ oÙ5plnpoqYul^Ã"rz{6oÐ&l^iwÁ ~2i?rx¯ãoÐ/np?{mZ{6{Ä+oqWnÌoxiKnZ{m{}mp{iwÇ{5Ãò{}nÊ{{ik×	?ÞcE ÞTNfll^iwÁ
ôE ÞTL+Å h¥Wõ4oÙpl^nZoqYul^Ã?rx{³nZ?{mZ{ã{Ä+oqWnÌ~y|{ffil2ZoxŁ2i?y|{}iKn6nZ~O«X¬YáÜááY «]´Wtwçªnpwln
õ {Âl^rztÉl^np{ÚDnZ~ãnZmpt?{Å`;{ni«X¬YááÜáY4«DÃw{dnp"{ nZmpt?{flÂl^mpoÙl^Ã?rx{7oziknp?oÙlpWozŁ2i"y|{i+nÅ0Æ7?{mZ{
{Ä+oqWnÌdlk{nfl~^*ÁK{rÙlÚ¯"6oziÊ5"oqÌ
×+	6?ÞE >Tµ=L nZ?mp~t?Ł2=×	?ÞÛE >FETLkl^rxrÉlÚÂ{%?~mpnp{}m
ÁK{rÙl¯?;nZwl^iF×	ÉÞcE >FEHG(µ=L5np"mp~2t"Ł2|×+	ÉÞcE >¼L+ÅÆ7+tw)np?{]oxmÌ]t"ozn)}l^idmZ{l2ÌfllWnÌlnp{7oxi
Ê5?oÙç3«X¬6YáÜááY «Dl^mZ{6npmZt?{l^iwÁÛ>IEJG(µYáááÜY6>¼gl^mZ{DØlrq{èÅ0h[iffinp"oq0nl^np{Ãò~np×+	ÉÞcE Þ;N*l^iwÁ
UE ÞTLÊ5ozrzr+Ãw{5{iwlÃ?rz{Á³~6nZ?{mZ{5Ê5ozrzr+Ãw{5ozi+np{mW{mp{}iw]{0Ãw{nWÊ7{{iflnp?{Ú{7nWÊ~6®?mp~+Á+tw]npox~2i
mpt"rz{ÇÅ
­
~2i+Â{m{rx¯³2ovnp?{}mp{{ÄKoÙnoxiKnZ{m{}mp{iwÇ{7Ãw{nWÊ7{{}i ×	ÉÞcE Þ;N*l^iwÁrE Þ;L+³nZ?{i|nZ?{mp{
{Ä+oqWnÌ5~y|{flnl^np{flozikÊ5?oqÌ;öE ÞTLQoq5{iwlÃ?rz{Á³?Ê5?oqÌ-oxy|®?rzox{npwlncõ li-{Âl^rxtwl^nZ{
np~ffinpmZt?{Å
­
~iwnZmptw]nZoz~i-~^&np"{Ql^Ãw~Â{®?mp~+Á+tw]npox~2ikmpt?rx{{nliÃw{ ÁK~2i?{oxi®w~rz¯+i?~2y|oÙl^r
npoxy|{ÅQÆ7+twflpl^nZoqYul^Ã?oxrzoxn¯kmp{Á+tw]{nZ~-oxiKnZ{m{mZ{iw]{ ÁK{nZ{]npox~2iIliwÁnp"{ãmZ{ÁKtw]nZoz~ili
Ãw{flÁK~2i?{flozi ®w~2rx¯Ki?~y|oqlr;nZozy|{Å/Æ7?{}mp{]~mp{ozi+np{mW{mp{}iw]{ÁK{np{Ú]npox~2i|oÙBb6jÈ¥wlmÌÁ;Å
5
fl òõ/¤K«fi{ozÂ{il5W{nªñ~^"®?mZ~+ÁKtw]nZoz~2iflmpt?rx{]³lidoxi?oznZoql^rènl^np{B±Xè
¯
èIéW³l^iwÁfll7®?mp~+Á+tw]npox~2i
mpt"rz{`÷;³?Á+{]oqÁ+{5ovX÷ffioq0t?iwnl^Ã?rx{ÅB%÷ffioqt?iwWnÌlÃ?rz{6oÐ/liwÁã~2i"rz¯Qovnp?{}mp{{ÄKoÙnnl^nZ{v±
¬l^iwÁ
±
­7mp{Úl2Ìwl^Ã?rx{DmZ~2yô±
è
¯
èIé
WtwÌãnZwl^nº÷|oÙ{]ú{]nZozÂ{rx¯{iwl^Ã"rz{Áãoxi±
¬]³"ÁKoqZl^Ã?rx{Áãoxi±
­³+l^iwÁ
np"{*uÉmpozi"ŁQ~^W~2y|{6®"mp~+ÁKtwÇnpoz~i-mZt?rz{y|~Â{np"{dÇozmÌÇt?ozn0mp~2yD±
¬DnZ~±
­Å
´ê
Adù/+ò +«fi0h[iÉnÌlÃ?ozrxoznW¯Fç?{Úç²+ozi?ŁoÙBb6jÈ¥wlmÌÁ;Å
fl )Éóffifi5Æ ~ffi®?mZ~^Â{npwlnoxiwnl^Ã?oxrzoznW¯Fç"{ç²+ozi"Ł oÙBb6jÈ¥Él^mÌÁ³òÊ{ mZ{ÁKtwÇ{6np?{flZl^npoÙ[ulÃ?ozrxoznW¯
®?mZ~2Ã?rx{ynp~ ozn}ÅA;{nAõ Ãw{ffil^iIoziÉnÌliw]{Q~áÛÆN~Â{mÂl^mpoÙl^Ã?rx{c«X¬6YáááY4«X´Å
­
~2iwWnpmZtw]n
®?mZ~+ÁKtw]nZoz~2ikmpt?rx{{}ncª ~^Â{}mB« ¬ YáááY4« ´ liwÁKC¿Y3Ll]ë
×	ÉÞ

d
Þ
E >µ=LMYááÜáY6>¼4L
E ÞTL
E L
;{n6oxi?oznZoqlrWnÌl^nZ{±Xè ¯ èIé0Ãò{QnZ?{ffinl^nZ{Qozi-Ê5"oqÌIl^rzr/Âl^mZoql^Ã"rz{oxiOªþlmp{dØlrq{èÅc{ ]rqlozy
npÉl^nHõþoÙ Zl^nZoq[uòl^Ã?rx{|ovDl^iwÁ~i?rz¯oÐ5®?mZ~+ÁKtw]nZoz~impt?rx{
d
ÞE ffLFoq6t?iwWnÌl^Ã"rz{Å h¥WõþoÙ
plnpoÙ[ulÃ?rz{³nZ?{mp{5{}ÄKoÙnÌ&~2yF{l2pWozŁi?y|{i+nnp~q«X¬6YáááÜY4«X´0twÌãnZwl^n`õN{Âl^rxtwl^nZ{np~npmZt?{Å
;{ni«X¬6YáÜááY «DÃw{np?{nZmpt?{flÂ2lmpoÙl^Ã?rx{7ozi np"oq5l2ZoxŁ2i?y|{}iKn}Å0Æ7?{mp{{Ä+oqWnÌ5lffi{n5~ÁK{rÙl¯?
oziÊ5"oqÌnp?{FÁK{rÙlÚ¯ ~2mûE ÞTL|oqrz{Z*nZwl^iª~y|{ffi]~iwnl^i+nNM ³liwÁnp?{FÁK{rÙlÚ¯"D~m
×+	6?ÞE >µ=LQnp?mZ~2t?ŁB×	?ÞE >FELffilmp{ l^nrz{lnOM4npoxy|{t?i?oznW?~2mZnp{mnpÉl^inp"{QÁK{rÙl¯?
~2mfl×+	6?ÞE >FEHG(µLflnp"mp~2t"Ł2B×+	6?ÞE >¼TLQliwÁ
d
ÞEDffL+ÅgÆ7Ktw5np"{dÇozmÌÇt?ozngl^ikmp{lç l
nl^nZ{ãoxiÊ5?oqÌO«X¬YáÜááY «D l^mZ{ãnZmpt?{³>FEJG
µYááÜáY6>¼*l^mZ{ÝØlrq{è³)l^iwÁ
d
ÞE LFoq{Çú;{Ú]npoxÂ{rz¯
{iwlÃ?rz{ÚÁ Ã?t"ndwl i?~n ¯{}n*uÉmp{Á;ÅFhYinZ?oqflnÌlnp{ffiÃw~2npôE ÞTL liwÁ
d
ÞùE L Ê5ozrxrÃw{
{iwlÃ?rz{ÚÁ(5np?oÙãWnÌl^nZ{I]~2mZmp{W®w~2iwÁ?ffinp~ ±
¬Å§jmp~+ÁKtÉ]npox~2iffmpt"rz{; E ÞTLÊ5oxrzr5nZ?{iñuÉmp{³
ÁKoÙpl^Ã"rzozi"Ł
d
ÞcEDffL+Å0Æ7+tw
d
ÞcE L oq7t?iwWnÌlÃ?rz{Å
­
~2i+Â{m{rx¯³2ov
d
ÞcE Loqt?iÉnÌlÃ?rz{è³Knp"{iãnZ?{mZ{{Ä+oqWnÌ0~y|{nÌlnp{6oxiãÊ5"oqÌÞ5oÙnpmZt?{Å
oxiw]{2UE Þ;LoqnZ?{5~2i?rx¯Q®?mp~+Á+tw]npox~2iffimpt?rx{5{iw]~+Á+ozi?Łfll6npml^iwWoznpox~2iQ~iÞliwÁÝnZ?{5ozi"oznpoÙl^r
nl^nZ{Qwl2l^rxrÂl^mZoql^Ã"rz{DØlrqW{³õ yffitwn5ÉlÚÂ{Q{}Â2lrztwlnp{Á-nZ~|npmZt?{ffil^iÉÁ nZ?{mp{Ç~2mp{flÃw{ffipl^nZÈ
oqYul^Ã"rz{Å
­
~iwnZmptw]nZoz~i-~^np?{fll^Ãw~Â{®?mp~+Á+tw]npox~2ikmpt?rx{dW{nliÃw{ ÁK~2i?{oxi®w~rz¯+i?~2y|oÙl^r
npoxy|{Å/Æ7+twZl^nZoq[uòl^Ã?oxrzoznW¯|mZ{ÁKtwÇ{nZ~ãoxiwnl^Ã?oxrzoznW¯FÁK{nZ{]npox~2i liwÁnZ?{mp{Á+tw]npox~2ikli-Ãw{
ÁK~i?{doxi|®w~2rz¯+i?~y|oqlr;npoxy|{Å/Æ7?{mZ{]~2mZ{oziwWnÌl^Ã"ozrzoxnW¯|ÁK{}np{]nZoz~i|oqBb6jÈwl^mÁ;Å
5
W 9V¡º¦X¡¢4¢¢H£U¢¤¥¦( §(¨A©
Æ7?{6®"mp~2Ã"rz{y ~^&]oxmÌ]t"oznnl^np{*®wl]{{Úl^mÌÌ?oxi?ŁQl®?®w{l^mWt?oznl^Ã?rx{D~m5®wl^ml^rzrx{r~rzt?nZoz~2i³
oxiw]{np"{mp{fll^mZ{d®w~2nZ{i+npoqlrzrx¯|y l^i+¯ WnÌl^nZ{5np~F{lmÌÌl^iÉÁ{lç nÌlnp{ l^ikÃò{fl{Ä"l^y|oxi?{Á
oziÉÁK{®w{iwÁK{}iKnZrz¯ÅIÆ7?oÙd®?mp~Ã?rz{y oqdi?~nQy|{mp{}rz¯Il-npmZ{{k{lmÌÌ)³?~Ê7{}Â{m³Ãw{ltw{ nZ?{
nl^nZ{|Ł2ml^®?By l¯Ç~2i+nÌl^oxiB]¯"]rz{Ú]Åff"{ii?{Ê WnÌlnp{np~Ì?{Ì²lmp{ Á+oqpÇ~^Â{}mp{Á;³)nZ?{¯
yffitwn6Ãw{|nZ{nZ{Á-~2my|{yffiÃw{mÌW?oz® oziInp"{|W{nd~nl^nZ{dlrzmp{Úl2ÁK¯{Ä"l^yFozi?{Á-nZ~ ®?mp{Â{}iKn
Ì?{Ì²Koxi?Łffinl^np{Úy|~2mZ{dnZwl^i~iw]{ÅÆ7?oqyF{yãÃw{m?ox® Ì?{Ì² ]~2yF®?rzoÙl^nZ{nZ?{Q®wl^ml^rxrz{r
l^rxŁ2~mpoznZ?yÅW{fli?~Ê ÁK{Z]mpoxÃw{Qlã®wlmÌlrzrz{}rlÁ?l^®?nl^nZoz~2iI~^nZ?{ffil^Ãw~Â{QlrzŁ2~mpoxnp?y~2m6nZ?{
y|{ZplŁ2{È®wl2Zoxi?ŁãyF~+ÁK{r;~0Ç~2y|®?t"nÌl^nZoz~i)Å
Æ7?{ffiÃwl2WoqQoqÁK{ÚlF~mdnZ?{ã®Él^mÌlrzrx{r0l^rxŁ2~mpoznZ?y oq6nZ~ÁKoÙnpmZozÃ?t"np{Qnp"{|W{nÌqæþl^iwÁ|ë ~Â{m
{}Â{mÌlrò®"mp~+]{Z{ÇÅº 0l2Ì®"mp~+]{ZÊ5oxrzrwwlÂ{6rz~+}l^r)W{nÌ`æJè)liwÁùë!è)WtwÌ|npwln5np?{t?i?oz~i
´2´
~^glrzræ è ~mpy Wæ l^iÉÁ-np?{flt?i?oz~i~^gl^rxrë è ~mpy Wë Å6Æ7"{QÊ5l¯ ozi-Ê5"oqÌ-np"{{ {n
l^mZ{flÁKoqWnpmpoxÃ?t?nZ{Á|Ê5ozrzrŁ2mZ{l^nZrz¯ lú;{Ú]n5np?{{]÷%]ox{iw]¯Q~0np?oÙ5l^rxŁ2~2mZoznZ?yÅ
oÙnpmZozÃ?t"npozi"Łdnp"{{n[æNoqnZmpoxÂKoÙl^rYÅff?{i?{}Â{ml i?{Ê=nl^nZ{6oq0Ł2{i?{}mÌl^nZ{Á|oznliÃw{W{i+n
np~flli|lmpÃ?oxnpmÌlmp¯fl®?mp~+]{Úp~2mÌ?{Ì²Koxi?Ł; ç?{Úç²oxi?ŁlnÌlnp{7~m7WnÌlÃ?ozrxoznW¯fll^iwÁQozi+np{mW{mp{}iw]{
mp{Úát?oxmp{/~2i?rx¯dnp"{nÌlnp{ozn{rÐ)liwÁffil Á+{p]mZoz®?nZoz~iQ~^)nZ?{]oxmÌ]t?oxn  ®?mZ~+ÁKtw]nZoz~iãmZt?rz{ÇÅffI{
mp{Úát?oxmp{|nZwl^nffi{lç®"mp~+]{ZÝÉl2ffil2]{Úpdnp~ªl]~®K¯~6nZ?{ ®?mp~+Á+tw]npox~2iËmpt?rx{-W{nQÃw{ozi"Ł
Ì?{Ì²{Á;Å
­
oÙnpmZozÃ?t"npozi"Ł-np"{-W{nHë oÙdy|~2mZ{|ÁKoÐ÷ Çt?rzn}Å{kli?i?~nffil^mpÃ"oznpml^mZozrz¯ªl2ZoxŁ2iËnl^np{ÚÝnZ~
®?mZ~+]{pW{]³l26{l2Ì-®"mp~+]{Zi?{{ÚÁ?np~%ç?{Úç² WnÌlnp{D~m6y|{yffiÃw{mÌW?oz®Fozi-nZ?{QŁ2rx~2Ãwlr0{}n
ë ÅQÆ7+twÊ{ffil^mZ{Ý~mÌ]{Á-nZ~|nÌl²{ffil ~2yF{Ê5wl^n*l^nW¯K®"oqlrl®?®?mp~èl2ÌnZ~ ®wl^ml^rzrx{rzoxýl^nZoz~i)ë
mÌlnp?{}mnZwl^iFÁKoxmp{]nZrz¯y l®?®?ozi"Ł6Ê7~mp²d~iKnZ~®?mp~+]{Úp{Ú]³KÊ{5oziwWnp{lÁdy l^®QnZ?{nÌlnp{W®wl2]{èÅ
Æ7?{Ł2~lrK~wnp"oq)y l^®?®"ozi?Ł5oÙ nZ~wlÂ{0{lç®?mZ~+]{p)Ãw{NZmp{W®ò~iwoxÃ?rz{PD~2m&~y|{t?ÃwW{n/~^
np"{nl^np{flW®wl2]{èÅº lç ®?mZ~+]{ZRQÊ5ozrxr;y lozi+nÌl^oxiãoxiùë!è/ldmZ{]~2mÁã~^&®?mZ{ÂKox~2twWrz¯ffiÌ?{Ì²{Á
nl^nZ{ ~2mt?ÃwW{nQpÅ&hYnÊ5oxrzr+tw{WæJè"np~Wnp~2mZ{l6{}n~^nl^nZ{mp{}y l^oxi?ozi?Ł5nZ~Ãò{gç"{ç²{ÚÁ(2lrzr
nl^nZ{DoxiVæJèÊ5oxrzr/lrq~ffiÃw{rz~i?Łffinp~Ft?ÃwW{nOQpÅI{dnZ?{mZ{]~2mZ{ i"{{Á|np~FÁK{Â{rx~2®klQy l^®?®"ozi?Ł
mp~ynl^nZ{DnZ~ã®"mp~+]{Z{7nZwl^nliÃw{fltw{Á|nZ~ãŁ{i?{ml^np{nZ?{{flWt?Ãw{}nÌ]Å
ß
t?m0WnÌl^nZ{®wl]{5np~®?mZ~+]{Zy l^®"®?ozi?Łi?{{ÚÁ?np~Ãw{5mp{Úl2~iwl^Ã"rz¯ù+Ó?Î }Ò	ÇÔñ~2mnZ?{5®wl^ml^rxrz{r
]~y|®?t?nl^npox~2iffinp~Ãw{6{]÷%]oz{}iKn}ÅS-7¯flt?i?oÐ~2mpy Ê{yF{l^iQnZwl^nnp?{iKt"yãÃw{m~&nl^np{Ú7nZ~2mZ{Á
ozi{Úl2ÌOë
è
"~2t?rÙÁ-Ãò{QmZ~2t?Ł?rz¯{ÚátwlrYÅh¥liK¯k~2i?{ffi®?mp~+Ç{poÙmp{Ú®w~2iwWozÃ?rx{d~2mfllãrÙl^mpŁ{
i+t?yãÃw{m5~gnÌlnp{np?{inZ?{QW®w{{Á-~^nZ?{ffi]~2yF®?t?nÌlnpox~2i-Ê5oxrzr)Ãw{Qrzoxy|oznZ{ÁãÃ+¯ np?{ffiW®ò{}{Á
Ê5oznZffÊ5?oqÌ
nZwl^nF®?mp~+]{Úp l^i§Á+{]oqÁ+{yF{yãÃw{m?ox®Bl^iÉÁ
Ł2{i?{}mÌl^nZ{Itw}]{pW~2m WnÌlnp{ÇÅ
s?t?mpnZ?{mZy|~2mZ{³KnZ?{ffi®wl]{dmZ{t?ozmZ{Á|np~ Wnp~2mZ{Qlrzr/mp{lçwlÃ?rz{ nl^np{Úy l¯ãÃw{QyffitwÌ|rqlmpŁ2{}m
npÉl^i np?{flWnp~2ml^Ł{dW®wl2Ç{dlÂl^oxrqlÃ?rz{~mlQoxi?Ł2rx{ ®"mp~+]{Z6?oÐ/np?{WnÌlnp{fl®wl]{oq7t?i"{Â{i?rx¯
ÁKoxÂKoÙÁK{ÁãnZ?{ik~y|{6®?mZ~+]{pW{5y l¯ãmZt?i ~2t?n~^Wnp~mÌl^Ł{Å
ß
i?{-oxy|®w~2mZnÌl^i+nffi]~iwoÙÁK{mÌlnpox~2i
oxiffÌ?~~Wozi?Ł twÌËly l^®"®?ozi?ŁoÙÝnZwl^nffiÊ7{ ÁK{Wozmp{ nZ?{
]oxmÌ]t?oxn A	çÞZÖÑ-,"Ö]ÏxÞ5nl^nZ{np~Fy l^® t?i?oÐ~2mZy|rz¯ffi~2i+np~|nZ?{d®"mp~+]{Z{ÇÅ6Æ7?oÙDoÙDyF~2mp{flÁKoÐ÷|È
]t?rxnnZwl^iy%l^®?®?oxi?Ł lrzr/®ò~èpWozÃ?rx{ffinÌlnp{~2i+np~ ®?mp~+Ç{pW{]³)WoziwÇ{dÊ7{flwlÂ{drxoznpnZrz{FÖÝÕ
	ÇÎqÒ	ÇÎ
²+i?~Ê5rz{ÁKŁ{~^&Ê5?oqÌknÌlnp{5Ê5ozrxr;Ãw{mp{lçÉl^Ã?rx{Å
s?~2mZnpt?iwlnp{rx¯³KnZ?{mZ{oÙ7ldÊ5l¯ffinp~Q®w{mW~2mpy np"oqy%l^®?®?oxi?Ł?ë/Ê7{6tÉ{6nZ{ç"i?oqt?{0ÁK{Â{}rz~2®w{Á
~2m`,"Ö^Í4,"ÎqÓ=<2Å7oxiw]{lnÌlnp{5oÙlrxoqWn~^Ãw~~2rx{l^iffiÂl^rzt"{]³2Ê{7mZ{®?mp{Ú{i+noxnÊ5oxnpffil6W{t?{iw]{
~^gÃ?ozn]³)Ê5?oÙçkÊ7{Fl^iI]~iwoÙÁK{mfll26{oxnp?{}ml npmZozi?ŁF~^W|Ã?oxnÌwl^ml2]nZ{mÌ6~2mfll l|rÙl^mpŁ{
ozi+np{}Ł2{m}Å{Fl^iªnp?{iªtw{ffi{Ä+oqnZozi?Ł wlt?iwÇnpoz~iw ~inp"{{FnZmpozi"Łd~2mflozi+np{Ł{mÌ6nZ~
®w{m~mpyðnp?{y l^®"®?ozi?Ł"Å/Æ7KtwÇ³2~2ml^i+¯QWnÌl^nZ{±³ù/?¨ùº%Î±º'/oq/np?{iKt"yãÃw{m)~)np"{5®?mp~+]{Úp
mp{Ú®w~2iwWozÃ?rx{6~2mnpwlnnÌlnp{Å
I{Il^i§t?npoxrzoxý{-~t?m wl2W t?iÉ]npox~2i§np~ËÁKoqWnpmZozÃ?t?nZ{Ãw~2np æ l^iwÁ¾ë Å&ff?{i?{}Â{mãÊ{
Ł2{}i?{mÌlnp{ l-i"{ÊþWnÌlnp{O±
z
np~Ãw{|{Ä"l^yFozi?{Á³ Ê{ {}iwÁozndnZ~®?mp~+Ç{pQù/?¨ùº%Î±
z
'ÅÆ7Él^n
TVUÄTÈIÌÈÙÌÔTÐ6Ã[Ò-Ô@ÊTÔTÉÍÆÒ4ÌÍÐÔ¿Ò-ÓTÏIÆcÉÅÆHW6ÊTÈIÉÅÆÎØWÆ§ÔÃÖ]ÌÅÈIÔ¿ÇÆcÓ=ÐÃÍÄ3ÃÍÄTÆWÔÊTØBÓ=Æ§ÉÐ4Â4XTÉÅÐTÕÊ¿Ç ÃÅÈIÐÔÉÅÊTÏIÆ§ÌWÒ-Ô¿Õ
ÃÅÄ;ÆAÌÅÈZY§ÆAÐ-ÂºÃÅÄTÆ§ÈIÉJÉÅÆFXTÉÍÆ§ÌÅÆÎÔÃÒ4ÃÍÈÙÐ6ÔTÌcÃÅÆ§Ô=ÕÃÅÐHÓ=ÆAÌÅØcÒ4ÏIÏ Þ)[;ÐÉBÆI\;Ò-Ø]XTÏIÆÖ]ÃÅÄTÆ$ÇÐÔÃÅÉÍÐÏÇÈIÉ+ÇÊTÈIÃÍÉ_^ÂÜÐÉWÒ-Ô
Ò4Ì`^Ô¿ÇÍÄTÉÅÐ6ÔTÐÊTÌffØWÈSÇÉÍÐaXTÉÍÐÇ Æ§ÌÅÌÍÐÉÉÅÆJWÊ;ÈÙÉÍÆÕcÏIÆ§ÌÍÌÃÅÄ¿Ò-ÔiÃcb(ÐBÄÊTÔ¿ÕÉÍÆÕdXTÉÅÐTÕÊ=ÇÃÅÈIÐÔcÉÍÊTÏIÆ§ÌÃÍÐWÕÆ§Ì+Ç ÉÅÈIÓ¿Æ6Þ
´
fi
®?mZ~+]{pl^iknp?{i ç"{ç²ffiov`± z wlÃw{{ik®?mp{Â+oz~twrx¯|{Ä"l^y|oxi?{ÁãÃ+¯|{Ä"l^yFozi?oxi?ŁdoxnÌ5rz~+lr
ë è W{n0liwÁ;³ovwi"~2n³èl2Á?ÁKoxi?Łozn/np~6oxnÌrx~+l^ræ è {}n~2mt"npt?mZ{7{Ä"l^y|oxiwl^nZoz~i)Å/Æ7?oqyF{np?~+Á
oq6®wlmpnZoq]t?rÙl^mZrz¯ {]÷%]oz{i+nÃò{Úl^twW{ãoxnÁK~{i?~2nmZ{át"ozmp{fl®?mp~+Ç{pW{ nZ~-t?{mZ¯-{lç~np?{}m
l^Ãw~t?nnl^np{ÚÃw{rx~2i?Łozi?Łflnp~*ë Åº 0l2Ì|WnÌl^nZ{6oq0W{iKnÁKoxmp{Çnprz¯nZ~dnp"{®?mZ~+]{Zmp{Ú®w~2iwWozÃ?rx{
~2mozngl^iwÁ i?~ffimp{W®ò~iw{fly|{Zpl^Ł{6oq7mZ{t?ozmZ{Á;Å
 0l2Ì ®?mp~+]{Úp]QmZt?iw5np?{6~rzrz~Ê5oxi?ŁQ®?mp~Ł2ml^yë
rz{}nBæ è P\çêfll^iwÁ rz{nWë è PFçê

ðe¿ðgf

ìWí=îï ð
y|{Zpl^Ł{6®w{iwÁKoxi?Ł3ò=ó
mZ{]{oxÂ{6WnÌl^nZ{/
î ü
/öñøyë è 
íTð
rz{}nWæFP¾æ
Oçh/Aê
ð
ò
ìJí=î ï ð
mp{yF~^Â{nl^nZ{±mZ~2yôæ
è
rz{nWõöPUç4÷ùøOªsú2+¦;õº%¥ÕY6±º'ê
rz{nWõ
z
PUç4÷ùøOõûú»W%¥ÕY6±º'ê
î ü[ý
÷
Y4þ$øOõ@Y´$ß¾²ß tÉç npÉl^n ?¦¨¿%¥Õ'BPö>¼TL l^iwÁ  ?¦/¨=%4)='JP°>¼N
íTð
mZ{®w~2mpnozi+np{}m{mZ{iw]{5Ãw{nWÊ7{}{i@÷-liwÁùþdoziknl^np{H±
ü
ó {Úl2Ì÷ùøOõAz
ò=ó
rx{nJ±zXP§ K¨ï/¤q%¥ÕY6±º'
î üBý
þ$øOõAz;WtwÌnZwl^n
d
+¦;õº%4)Y6±z '
íTð	
mp{}®ò~mpniþdt?iwWnÌl^Ã"rz{
rx{nBxP ù"¨ù%Î±z'
î ü
xhP&Ql^iwÁO±
z
ñøOë
è

íTð	
rz{}nWæ
è
P¾æ
è

Oç=±
z
ê
ð;ï i4ð$î ü
xOñPjQ4
íTð
{}iwÁg±
z
np~Q®?mZ~+]{ZJx
ð
ò
ìJí=î ï ð
rz{nWë
è
P ë
è

± %y l^mZ²Û±'
ð
ò
ðe¿ðgf

Æ7?{fll^rxŁ2~mpoznZ?yþoÙDoxi?oznZoql^nZ{ÁãÃ+¯|W{iwÁKoxi?Łù±
è
¯
èÙé
nZ~ã®?mZ~+]{Zù/?¨ùº%Î±
è
¯
èIé
'ÌÅ
sozŁt?mp{å"ë7jlmÌlrzrz{}r;Â{mZovulnpox~2i lrzŁ2~mpoxnp?yÅ
soxŁ2t?mZ{QåŁozÂ{np?{Q®wlmÌlrzrz{}rÂ{mpoÐulnpoz~ilrzŁ2~mpoxnp?yÅflÆ7?oÙ lrzŁ~2mpoxnp?y oql^rxy|~WnoÙÁK{i?È
npoÙl^r/np~Fnp?{ffiW{át"{iKnZoqlr)~2i?{)nZ?{d~i?rz¯ ÁKovú{mZ{iw]{floqnZwl^n6Ê5"{i?{Â{mlãi?{}Ê WnÌlnp{±z;oÙ
Ł2{}i?{mÌlnp{ÁIoznoqi?~2nQi?{Ú]{pZl^mZozrz¯ l2Á?Á+{Ánp~-nZ?{|rx~+l^r[æJèYÅkhYiwnZ{l2Áoxndy l¯kÃò{%{i+ndnZ~
~y|{ ~2nZ?{mQ®?mZ~+]{pffil2FÁKoq]nl^nZ{ÁÃK¯nZ?{ wl2Wñt?iÉ]npox~2i dy l^®?®"ozi?Ł"Å
Û6dyF{iKnZoz~i?{Á
l^Ãw~Â{³?nZ?oq5lrq~ffinÌl²{5lmp{~^&np?{flÁKoÙnZmpozÃ"t?np{Áùë y|{yffiÃw{mÌW?oz®ffiÌ?{Ì²Å
´¶
Ûikozy|®w~2mZnÌliKn]~2iÉoqÁ+{mÌlnpoz~ioziky|{pZl^Ł{È¥®Él2pWozi?ŁF®wl^ml^rzrx{r&l^rzŁ~2mZoznp"y 7oqnZ?{drx~+l^rxoznW¯
~^ ]~y|yffit?i?oxl^nZoz~i)Å
h¥yF{pZl^Ł2{Úãlmp{I{}iKnFl^mZÃ?oznZmÌl^mZozrx¯Ãw{nWÊ7{{iË®?mp~+Ç{pW{ãnp"{i
nZ?{
l^rxŁ2~mpoznZ?y Ê5ozrxr0Ãò{ffirz{Úp6{]÷%]oz{i+n6nZwl^ioÐ5Ê{|liW~2y|{}?~Ê Ł2tÉl^mÌliKnZ{{|nZwl^n®?mZ~+]{pW{
Ê5ozrxr~i?rz¯ËW{iwÁ
np~ª®?mp~+]{Úp{Úã~2i#Zi?{l^mZÃK¯]~y|®?t?nZozi?ŁIi?~+ÁK{Ú]ÅðÆ7?oqQoziwÇmp{l{ÁB{]÷|È
]ox{iw]¯BWnp{y% mp~2y nWÊ7~ª~t?mÌÇ{]ë-uwmn³g?~mpnp{}m|®?+¯?Woqlr]~2y|yffit?i?oÙ]lnpox~2iBÁKoÙnl^iw]{Ú
ÁK{Çmp{l{np"{npozyF{mZ{t?ozmZ{ÁñnZ~npml^iwW®ò~mpnknp?{y|{ÚpplŁ2{³gl^iwÁ§{Ç~2iwÁ;³np?{yF{pZl^Ł2{
®wlpoxi?Ł-i"{nWÊ7~2mZ²-y l¯ Ãw{|lÃ?rz{QnZ~kl^mZmp¯y|~mp{dyF{pZl^Ł2{Ú6oxyãt?rxnÌli?{~2tÉrz¯èÅ
ß
g]~2t"mÌ{è³
np"oq~2®?nZozy|oxýl^nZoz~iQÊ5ozrzrwÃw{ÁK{®w{iwÁK{}iKn0~2iFnp?{l^mç?oxnp{Çnpt?mZ{5~^/np"{yffit?rznZoq]~y|®?t?nZ{]m/twW{Á
np~Fmpt?inZ?{QlrzŁ2~mpoxnp?yënp?{Q®?+¯"oq}l^r)Ê5ozmZ{5Ãò{}nÊ{{ik®?mp~+]{Úp~mÌÁK{nZ{mpyFozi?{6Ê5"oqÌl^mZ{
i?{oxŁ2+Ãw~2mÌl^iwÁ-Ê5?oÙçklmp{Qi?~nÅ6s?~myffit?rznZoq]~yã®"t?np{mnZwl^ntw{ffilQ+¯K®w{m]t?Ãw{QlmÌÌ?oznZ{]È
npt"mp{³/tÉçªl2
­
ÅÅ{oznZý 
­
~Wy|oq
­
t"Ãò{ äv´}¶2æY³)Ê7{ffi}l^iª{rx{]nl|wlt?iÉ]npox~2iInpwln
Ê5ozrxr)ltw{y|~èn]~y|yffit?i?oqÇl^nZoz~iwnp~ffiÃò{6mZ~2ylQ®?mp~+Ç{p5np~ffi~2i?{~0ozn7i?{ozŁKÃw~mÌ]Å
Æ7?{IlÃ?ozrxoznW¯Bnp~rx~+l^rxozý{ ]~2y|yffit?i?oÙl^nZoÐ~2iBoziffnZ?oqãy%l^i?i?{}m|Wnp{y dmp~y lÇmptw]oÙl^rmp{È
l^rxozýlnpox~2iBlÃò~t?nffi®?mp~+ÁKtÉ]npox~2iBmpt?rx{|Wozyffit?rqlnpox~2i)ë"k;lnm3opqmsrutvm,wxom3yzmh{g|`}~m3 m3onw_mh

tauu{g|_}`gotg_mgŁm3w{g|` gomh}7|2gO|`lmsv|Fw=|Vm){Flwgoma]ÅFÆ7?oq6~2rxrz~ÊÁKozmZ{]nprx¯|mp~2y
np"{ÁK{]uwi"oznpox~2i|~{Çú;{Ú]npoxÂ{Å/ÛrzrnÌlnp{J±
z
nZwl^nlmp{Ł2{}i?{mÌlnp{ÁffiÃK¯ffinp?{fllÃò~Â{lrzŁ~2mpoxnp?y
Ê5ozrxr5ÁKoÐú{mdmp~y ±=oziB{Ä"l2]nZrz¯I~2i?{kÃ?ozn}ÅBs?t?mpnZ?{mpyF~2mp{è³Som3}=lgtJ}o

tv{vmJxt3}ow
l=

m3tx{g?mlw	~msVO|`lnw=|}ymffitN}om3w{g|`gom*}7|ZÅ
ß
t?mdŁ~l^r5oÙ nZ?{mp{Ç~2mp{ffinp~-uÉiwÁ
lQwl2W-t?iw]nZoz~2ikÊ5?oqÌ)³+ozilÁ?ÁKoxnpoz~i-nZ~ãt?i"ov~2mZy|rz¯FÁKoÙnpmZozÃ?t"npozi"ŁQ~2t?m6mZ{l2ÌwlÃ?rz{fl]oxmÌ]t?oxn
nl^nZ{]³?y l®w7WnÌlnp{5Ê5?oqÌ ÁKoÐú{m7oxi{}Ä?l]nprx¯Q~2i?{Ã?oxn5np~Q®?mZ~+]{pW~2mDÊ5oxnpkhW67npwlnÁKovÈ
{m5oxil25{ÊRÃ"oznÌl2®ò~èpWozÃ?rx{Å5hYi-®?ml2]nZoq]{è³Kt?i?oÐ~2mZy|oznW¯Fl^ikÃò{flnpml2ÁK{Á|~2mrz~+lrzoxn¯F~^
]~y|yãt"i?oqÇl^nZoz~2iÅ{Ł2oxÂ{fl{Â{ml^rwl2W-t?iw]nZoz~2iÉDÊ5oxnpkÁKovú{mZ{i+n5rz~+lrzoznW¯?t?i"ov~2mZy|oznW¯
mÌlnpox~]Å
ß
i?{kÁK{]uÇoz{iwÇ¯~np?oÙdy|{nZ?~+ÁoqdnpÉl^nffioznQ~2i"rz¯B®?mp~+Á+tw]{Qrz~+lr]~2yFyãt?i"oqlnpoz~i~i
+¯K®w{m]t?Ãw{l^mç?oxnp{Çnpt?mZ{]Å8~Ê7{}Â{m³2nZ?{5®?mZ~2Ã?rx{y ~^y l^®?®"ozi?Ł6+¯+®ò{}mÌ]t?Ãw{~iKnZ~ ~np?{}m
l^mç"oznp{Ú]npt?mZ{5wl26Ãw{{iIWnptwÁKox{Á-Ã+¯-~2nZ?{m6mZ{{Úl^mÌÌ?{mQäv´³

³ßæY³l^iwÁÊ5ozrxri?~n6Ãw{|Á+oqÈ
]twZ{Á|?{}mp{Å

¬

¬_
û
 ¦ô -"¨ù¦/ô
t?ÃÉnÌliKnZoqlrly|~2t?i+nÌ7~0mp{Ú{lmÌÌÉl25Ãò{}{iW®ò{}iKnrz~~²Koxi?ŁÝ~m6Wozy|®"rz{wl2W-t?iw]nZoz~2iÉ
npÉl^ndŁ{i?{ml^nZ{Qt?i?ov~mpy ÁKoÙnZmpozÃ"t?npox~2iwmp~y nZmpozi"Łoxi?®?t?n]Å
ß
i"{|WtwçIwlt?iÉ]npox~2i)³
ÁK{Z]mpoxÃw{Á
ÃK¯ j{lmÌ~i äÐ´
fi
æY³5wl2|nZ?{Ãw{i"{]uwnÌffi~^QÃw{oxi?ŁBWnpmpoxi?Ł2ÈÃwl{ÁNliwÁ§át?oÙç²BnZ~
]~y|®?t?nZ{6{Â{i|~iWy l^rxròyFoq]mZ~2®?mZ~+]{pW~2m]Å0Æ7?{6t?iwÇnpoz~i oq5]~y|®?t?nZ{Á|l27~2rxrz~Ê]ë
 ¢¡V£$¤4¥
¦?§=¨ª©«©h¬®­S¯¯ffi°±	¬²³ 4´xµh³u¶³?±·¸°§§	¹
 º¡V£»?¶	¼°±½ ¾?¿À(µ³?¶	³±Á½©	ÂÂq¥
±	¬uÃ$°§§	¹Ä¥
¨u±³Åu¨=¬ Æ¿	Ç¹u¨u§È±µµ=ÉÈ§	Å=¬³Ê¥
´]å
1 = 0010 = 000
2 = 010 3 = 011
7 = 1116 = 110
5 = 1014 = 100
sozŁt?mp{
}
ë7jmp~+Ç{pW~2mh7oziklÝ+¯+®ò{}mÌ]t?Ãw{fll^mç"oznp{Ú]npt?mZ{Å
´
}
%YÛDŁozÂ{i)³?nZ?oqwl2W-t?iw]nZoz~2ik~2i?rx¯ Ê7~2mZ²?5~2mt?®np~
fi¿}=
®"mp~+]{Z{ÇÅ6hYiBäÐ´
fi
æ/j{Úl^mÌW~2i
ÁK{Z]mpoxÃw{Ê5l¯"~^{Ä+np{iwÁ+ozi?ŁoznnZ~rql^mZŁ2{m&Â2lrzt?{Ú]ÅQ'
»¶	¼?°±
]~iKnl^oziÉnp?{5i+t?yffiÃw{mÌ/êPË
fi=}=}
oziml^iwÁ+~2y ~2mÁK{m}Å${QtÉ{Q{lçIÌwl^ml2]nZ{m6~2Ì
³u¨?©¬²
nZ~-Wnp~mp{@|Ã?ozn~^Dnl^np{ffiozi+~2mpÈ
y lnpoz~i)ÅflÆ7?oqÉl2t?iwÇnpoz~iÊ5l~t?iwÁnp~ ®?mZ~+ÁKtw]{ffinp?{QyF~nt?i?oÐ~2mZy ÁKoÙnpmZozÃ?t"npoz~i
~^&WnÌlnp{np~fl®?mp~+Ç{pW{~/l^i+¯Qwl|t?iw]nZoz~iãnZmpoz{ÚÁ;Å2iK~2mZnpt?iÉl^np{}rz¯³np"oqwl2Wãt?iwÇnpoz~i
ÁK~{i?~n7Łtwl^ml^i+np{{l^i+¯QW~2mpn~^rz~+lrzoznW¯³l^iÉÁÝoxiã~t?m0np{WnÌ®?mp~+Á+tw]{ÁQt?i?oÐ~2mpy ³^ml^iwÁK~y
]~y|yãt"i?oqÇl^nZoz~2iFÁKoÙnÌliw]{ÇÅ

¬

¬cÍ Î,Ï1Ð
í
w¤¥/¦ô
Ûi?~np?{}m6l®?®?mp~èl2ÌÊ{dnZmpoz{ÚÁÊ5lnp~%ÁK{oxŁ2i lÝt?iw]nZoz~iI®w{]oÐul^rxrz¯|nZ~|Ł2{}i?{mÌlnp{flrz~+lr
]~y|yãt"i?oqÇl^nZoz~2iÉ]Å
ß
i?{flÊ5l¯|~ÁK~2oxi?ŁF~|oÙ7np?{6~2rxrz~Ê5ozi"Ł?ëB{oxÂ{i
fi
¯
®?mZ~+]{Z{Ç³òÃ?mZ{l^²
np"{nl^np{Ã?oxnÌ0ozi+np~1Ñ§{®wlmÌlnp{ òÈÃ?ozn5Ê~2mÁ?]Åº Ä"]rztwWozÂ{È~2mnp?{Ú{6Ê~2mÌÁ"7np~2Ł{np"{m³"l^iwÁ
mp{}npt?mZinZ?oq7Âlrzt?{fll25np"{ Âlrzt?{~^np?{wlt"iw]npox~2i)Å0Æ7"oq5liÃw{ ÁK~2i?{fllg~rzrz~ÊÇë
 ¢¡V£$¤4¥
Ò
¶uµhÓÔ¡V£Õ´P­×ÖØÚÙ»?É
Ì	ÛÜ
Ù»¸¬n·Ýª­z¥
¦?§=¨ª©«©h¬®­S¯¯IÞ$°§§¹
 º¡V£ ß¾¿	ÀÕ´gµh³?¶³?±àáÇ
Ò
¶uµhÓ·â¥
µ³?¶³?±ã¡F£äµh³¶	³?±À
Ü	åÚÛ
»?É
Ì	ÛÜ
Ù=»¬Ä¥
±	¬uÃ$°§§	¹
¨u±³Åu¨=¬ Ê¥
Æ7?{6{}Ä?]rxtwoxÂ{È~2m~®ò{}mÌl^nZ~2m5wl7np?{®?mp~®ò{}mpnW¯Qnpwln7~2m[Łçæ
ß
nP¾³KoÐŁ
z
ÁKoÐú{mÌmp~2y
Ł-ozi{}Ä?l]nprx¯-~2i"{ãÃ?oxn³)np"{ipŁ
z
æ
ß
&$Ps
z
³ Ê5oxnpl
z
ÁKoÐú;{}mpozi"Ł%mZ~2ywoziI{Ä?l]nprx¯-~i?{
Ã?oxnÅÆ7KtÉnp?oÙDÉl2t?iwÇnpoz~i-wlnp"{d®?mZ~2®w{mpnW¯knpwln6WnÌl^nZ{6ÁKoÐú{mpoxi?Ł|ozik{Ä"l2]nZrz¯|~i?{
Ã?oxn5Ê5ozrzrwŁ{i?{ml^np{wlkÂ2lrzt?{Ú7npwln6ÁKoÐú{m7oxi{}Ä?l]nprx¯ã~i?{Ã?ozn}Å0Ûrzr]~y|yãt"i?oqlnpox~2iwoxi
np"{ +¯+®ò{}mÌ]t?Ãw{fll^mZ{dnZ?{mp{Ç~2mp{Łtwl^ml^i+np{{Á np~ffiÃw{dÊ5oznZ i?{ozŁKÃw~mÌ]Å[2iK~2mZnpt?iÉl^np{}rz¯³+np?oÙ
wlt"iw]npox~2ikÁK~{5i?~n6ÁKoÙnZmpozÃ"t?np{WnÌlnp{l25t?i?oÐ~2mpyFrz¯ffil25np"{dj/{l^m~2i^ 5y|{np"~+Á;Å

¬

¬

fl  «B*k?¨ù/¥¦/ô
Æ7?{mZ{7oÙlnp"ozmÌÁflç"~2oqÇ{~m0lwldt?iÉ]npox~2i)Å{gl^iQnZmp{ln~2t?mnÌlnp{gl20lDrÙl^mZŁ2{5ozi+np{}Ł2{m
l^iÉÁwl-oxn5Ê5oznZnZ?{y|{nZ?~+Á|t"Ł2Ł2{Únp{ÚÁoziè6i+t?npªä
}
æYÅ
¨u±³Åu¨=¬é´xµh³¶	³±Æn¿	Ç¹u¨?©
Ò
±·êÆ¿	Ç¹u¨u§È±µµ=ÉÈ§	Å=¬³Ê¥
oxiw]{ffinp?{Fnl^np{Fy l¯]~iKnl^oziªlrÙl^mZŁ2{ffiiKt?yffiÃw{m6~Ã?ozn*nZ?{|y|~+Á+t?rz~ ~2®w{ml^nZoz~2iÉ yffitwn
Ãw{oxy|®?rx{yã{}iKnZ{ÁBl2 yãt"rznpox®?mp{Ú]oxoz~ifflrq]t"rql^nZoz~iw]³Ã?t?n np?oÙ l^i§Ãw{{loxrz¯ffÁ+~2i?{Ã+¯
´

j{Úl^mÌW~2i æ
ß
 jmZozy|{
+ lÂ+Ł|ÁKoÙn + lÚÂ+ŁffiÁKoÙn + lÂKŁffiÁ+oqn
Æ){n
­
l{|´ ¶KÅ êå
fi
Åz´´

ÅI
}
´ å?Å ê^å ´2Å ¶
}
%YlÂ+Ł ´
fi
nl^np{Ú®"mp~+]{Z-'
Æ){n
­
l{
fi
´êKÅ ¶ß
fi
Å ê+´
fi=}
Å
fi
å ´ å9KÅÙ
}
´2Å åå
%YlÂ+Ł ´]å9|nl^np{Ú®"mp~+]{Z-'
Æ){n
­
l{Q¶ ¶2µKÅ
fi

fi
Å êå ´]åèµKÅ
fi
å ´ µ
fi
Å
fi=}
´2ÅQßè´
%YlÂ+Ł
fi
åèê2ê|WnÌl^nZ{}®?mp~+Ç{p4'
Æ){n
­
l{då
fi
å?Å
}=} fi
Å êß ¶
fi
Å µ+´ ´ ´Çå?Å

 ´2Å µ¶
%YlÂ+ŁQå
}
ê|nl^np{Ú®"mp~+]{Z-'
Æ/l^Ã?rx{d´ë2i?oÐ~2mZy|oznW¯liwÁ|]~y|yãt"i?oqÇl^nZoz~2i ÁKoqWnÌliw]{5oziFlQ´

È¥i?~+Á+{ +¯+®ò{}mÌ]t?Ãw{q%YlÂ{ml^Ł2{
ozi+np{}mpi?~+ÁK{ÁKoÙnÌliw]{AP
fi
Åz´}¶'Å0sÉ~m7{lçffi{Ä"l^y|®"rz{7nZ?{nÌliwÁ?lmÌÁ ÁK{Â+oqlnpoz~iã~/np?{oxý{~^
ë è oqŁozÂ{i³l27oÙnZ?{lÂ{ml^Ł2{y|{ZplŁ2{ÁKoqWnÌl^iÉ]{ÅÆ){Wn5l{l^mp{*]{rzrÙ mp~yþl®wl^ml^rxrz{r
np~F{}mpoqlr)]~iKÂ{}mpnp{}m5l^iÉÁ-lQlç?{fl]~iKnZmp~rzrz{}mÅ
t?nZozrzoxýozi"ŁnZ?{ ®?mp~®w{mpnW¯½%+Ł,ë
fihì
ã\6'y|~+Á÷½Pw%1%%1%
fiì
y|~+Ác÷X'RëX%Ły|~+ÁA÷]'1'/y|~+Ác÷X'ã
%Î0yF~+Ác÷]'1'/y|~+Ác÷ÅffÆ7+twdnp?{ky|~+ÁKt?rx~I]~2yF®?t?nÌlnpox~2iBli
Ãw{ ®w{m~mpy|{ÁÊ5oxnpÑDÈÃ?oxn
Ê7~mÌÁ? ~mffil^i+¯®w~WoznpoxÂ{,ÑÅÆ7"oqdwlt?iw]nZoz~i
Á+oqnZmpoxÃ?t?np{Údnl^nZ{dy|~2mZ{ãt"i?ov~mpy|rx¯
npÉl^iæ
ß
 ~rqÁKoxi?ŁliwÁ~^np{}iñ®"mp~+ÁKtwÇ{dW?~2mZnp{mQy|{ÚpplŁ2{ Á+oqnl^iwÇ{ nZwl^iËj{lmÌW~2i 
y|{nZ?~+Á;ÅQÆ7"oq6oqÁKt?{ffinp~ nZ?{ÝØl]n6nZwl^n çwli?Ł2{Ú*oxinp?{ffirz~Êð~2mÌÁ+{mÃ?oznozi
µ³?¶	³±
l^mZ{
~^nZ{i)³)lrznZ?~2t?Łi"~2nlrzÊ5l¯"]³wmp{víÉ{]np{ÚÁozi çÉl^i?Ł{ozinZ?{drx~Ê ~mÌÁK{}m6Ã?ozn~^nZ?{dwl
t?iwÇnpoz~imp{Wt?rzn}Å
ß
g]~2t"mÌ{è³;np?oÙDÉl2Iy|{nZ?~+Á-Á+{®w{iwÁ?~inZ?{d~mÌÁK{}mpozi"Ł|~^gnp?{flÃ?ozn
ozi nZ?{flnÌlnp{³?Ã"t?n5~2i lÚÂ{}mÌl^Ł{ozn5®w{m~mpy 0Ê7{rxrYÅ
Æ/l^Ã?rx{d´5Ł2oxÂ{W~2y|{Á?lnÌl~2iffinp?{mp{rÙl^nZozÂ{7{Ç÷ ]ox{iw]¯~^)nZ?{l^Ãw~Â{6Zç?{}y|{]Åh[iffiŁ2{}i?{mÌlrY³
j{lmÌW~2i  wldt?iÉ]npox~2iQl®?®w{l^mnp~Ãw{7y|~èn/tw{Çt?r2~2m&¯"nZ{y ;Ê5oznZdrxozy|oxnp{Á5y|{y|~mp¯
%¥Ê5"{mp{ffit?i?oÐ~2mpy ÁKoÙnpmZozÃ?t"npoz~i~nl^np{Ú oq6{Ä+npmZ{y|{rx¯ ozy|®w~2mZnÌliKn'5~2m ]~2y|yffit?i?oÙl^nZoz~i
l^mç"oznp{Ú]npt?mZ{)Ê5?{mp{5yF{pZl^Ł2{5rx~+l^rxoznW¯oqmZ{rqlnpoxÂ{rz¯6t"i?ozy|®w~mpnÌliKn}ÅSæ
ß
ª~rqÁKoxi?Łfl{{}y 
y|~èndtÉ{]t?r0~2mQ+¯K®w{m]t?Ãw{Ç³Ê5?{mp{ nZ?{|mp{}rql^nZozÂ{ffiozi?{Ç÷ ]ox{iw]¯k~^np?{kÁKoÙnZmpozÃ"t?npox~2ioÙ
~^úW{nÃ+¯|nZ?{fl]~2y|yffit?i?oÙ]lnpox~2iffirz~+lrzoznW¯Å&jmpozyF{wl?oxi?ŁF{{y%np~F]~Â{my|~Wn5¯"nZ{y 
ozi Ãw{nWÊ7{}{i)Å
´;ß
´
î ï(ðñ ò: "$#
I{7Ãw{Ł2oxiQÊ5oznZQl6Wozy|®?rx{{Ä"l^y|®"rz{oxrzrztÉnpml^nZozi?Łnp?{Â{mpoÐulnpoz~i~^l6]~mpmp{Ú]n)®?mp~+Á+tw]npox~2i
mpt"rz{5W{nÅ&Æ7?{5~2rzrx~Ê5ozi?Ł{n&~^)®"mp~+ÁKtwÇnpoz~iãmZt?rz{ÚÁK{Úp]mZozÃw{loxy|®?rx{~Z]ozrxrql^nZozi?Ł*]ozm]t?ozn}Å
%1~;' Ö
%' Ö
%' vfIÑ
%`óZ'
d
Ö
%7ô'
d
Ö
%7õ'
d
vf
d
Ñ
E ;L
E Ñ;L
E Ö®N
E ;N
E Ñ;N
E Ö®L
Æ7?{Âl^mpoÙl^Ã?rx{oxiãnZ?oq0]oxmÌ]t"oznÊ5oxrzr?nZmÌl^iÉoznZoz~i|l~2rxrz~Ê]ëuÉmÌnÖ®L+³è~rzrx~^Ê{ÁQÃK¯flÃò~npl;L
l^iÉÁ
Ñ;LffioziIliK¯k~2mÁK{m³w~2rzrx~Ê7{Á ÃK¯ ÖN+³?~2rzrx~Ê7{Á-Ã+¯l;N l^iÉÁBÑ;N|oziIliK¯k~2mÁK{mÅA;{}n tÉ
nZ{® np?mZ~2t?Łnp?{flW{át"{iKnZoqlròÂ{}mpovuòl^nZoz~2i%l^rzŁ~2mZoznp"y ~m5np?oÙ5]ozm]t?oxnÅ
s?~2mffiliK¯ª]ozm]t?oxn nZwl^nffiÁ+~{di?~2nQÉlÚÂ{ffi{Ä+®?rzoÙ]oznmZ{{nfl®?mp~+Á+tw]npox~2iBmpt"rz{@%¥oYÅé{Åz³)mZt?rz{ozi?È
Â~2rxÂKoxi?ŁlÂ2lmpoÙl^Ã?rx{iwly|{Á"D{W{n3'/Ê7{l2pWt?y|{npwln0oznÌoxi?oznZoql^rÉnÌlnp{wl2l^rxròÂlmpoqlÃ?rz{Ú
rz~ÊÅ{Ê5mpoxnp{nl^nZ{0l2Â{]nZ~2mÌ2~2m0{Ä"l^y|®?rx{³Mà¥êMY´=Yêä&]~mpmp{Ú®w~2iwÁ"np~nZ?{nl^np{Ê5oznZ
Ł|rz~Ê³ff?oxŁ2)³)liwÁO rx~ÊÅ
ß
t"moxi?oznZoql^r&nl^nZ{Qoq5np?{mZ{]~2mZ{ùàêZYÌêMYÌêäÅc{fl®?rql]{ùàêZYÌêMYÌê®ä
ozi+np~ffiW{nWæ liwÁÃw{Łozi np"{*uÉmÌn
ìWí=îï ð
rx~~2®)Å
I{ç"~~{flliwÁ|mp{y|~Â{5nZ?{nl^nZ{àêZYÌêMYÌêZämp~yûæflÅ0jmZ~+ÁKtw]nZoz~imZt?rz{ÚJ%`öT'Ì³
%7÷'0liwÁO%7ø'
wlÂ{5npmZt?{Ł2twlmÌÁ?0oziffinp?oÙWnÌlnp{l^iwÁ|lmp{np?{}mp{]~mp{5{iwlÃ?rz{ÚÁ;ÅffI{rx{nºõöPUç%_ö;'Y%÷' Y%7ø'4êÅ
hYinp"oqQnl^nZ{³Qoqfll^rxmp{lÁK¯rx~ÊþliwÁjãoqfll^rzmZ{l2Á+¯rx~^Ê³0W~®"mp~+ÁKtwÇnpoz~iBmpt?rx{%_ö;'*l^iwÁ
%7÷'fll^mZ{|Âl2]t"~2twÇÅBÆ7KtwQÊ7{Frz{n*õ
z
Pwç%7ø'4êÅIÆ7?{mZ{ oqdi?~®wlozmQ~6®?mZ~+ÁKtw]nZoz~iñmZt?rz{Ú
ozilõþnpwlnQlrzrÙD~2mflt?®liwÁÁK~Ê5inZmÌliwoxnpoz~iw6~2inZ?{Fpl^yF{QÂ2lmpoÙl^Ã?rx{³/~-nZ?{mZ{ãoÙ*i"~
ozi+np{}m{mZ{iw]{5oxi|np?oÙ5nl^np{èÅ{6{}iKnZ{m7nZ?{
ü
ó;rz~~®kl^iwÁ Ì?~~W{%ø'&oziVõ
z
Å0soxmpozi"Ł%7ø'oxi
nl^nZ{ùà¥êMYÌêZYêäÊ5ozrxr)rz{lÁnp~yà´¿YÌêZYêZäÇ³w~|Ê{Q{}nc±
z
P&àW´=YÌêMYÌêZäÇÅ5Ûrxr)®?mp~+Á+tw]npox~2imZt?rz{7oxi
õ
z
l^mZ{nZozrxr?{iwlÃ?rz{ÁQoziù±
z
³np+twnp?{}mp{oqi?~doxiwnl^Ã?oxrzoxn¯floziffinp?{npml^iwWoznZoz~2iffimp~2yDàêZYÌêMYÌê®ä
np~làW´=YÌêMYÌêZäÇÅ±z)oqi"~2nozilæ ~mqë ³/~ ozn6oÙ6l2Á"ÁK{Ánp~VædÅH{QnZ?{iI{Ä+oznnp?{
ü
órz~~2®³
l2Á"Ág±nZ~ë liwÁ-]~iKnZozi+t?{Å
Æ7?{flÁKoÙl^Ł2ml^y oziksoxŁ2t?mZ{

W?~ÊDnZ?{6mp{Úl2Ìwl^Ã?rx{nl^nZ{6Ł2ml^®?knpwln5Ê5ozrzrwÃw{{Ä+®?rz~mp{ÁãÃ+¯
np"oq7lrzŁ~2mpoxnp?y ÅhYi|i?~ffiWnÌl^nZ{6oq7nZ?{mZ{6ld®wlozm~^&®?mp~+ÁKtÉ]npox~2i mpt?rx{oxiùõ nZwl^n}l^rzr?~m5t?®
l^iÉÁ-ÁK~Ê5i npml^iwWoznpox~2iw7~i-nZ?{flpl^yF{6Âl^mpoÙl^Ã?rx{H%¥{èÅ Ł?Åx³(%-'liwÁO%`öT'l^mp{i?{}Â{m7Ãw~2nZ-oxiùõh'Å
Æ7?oÙozyF®?rzox{ nZwl^noziffii?~dmZ{l2ÌwlÃ?rz{nl^np{*l^mp{nWÊ7~ twÌã®"mp~+ÁKtwÇnpoz~i|mpt"rz{{iwlÃ?rz{ÚÁ;³+l^iwÁ
np"{ ®"mp~+ÁKtwÇnpoz~i-mZt?rz{W{noq7np"{mp{]~mp{6i"~2i?oxiKnZ{m{mZozi?Ł"Å
ÛrÙ~i?~2nZ{6npÉl^n7~2m{Â{mZ¯Qnl^nZ{³K{lçffi®?mZ~+ÁKtw]nZoz~2iFmpt?rx{oxiùõ
z
oq]~2i+nÌlozi?{ÁQozi3õ ~m7nZ?{
i?{oxŁ2+Ãw~2mpoxi?Ł WnÌl^nZ{ÅÆ7?oÙozy|®"rzoz{ÚnpÉl^novlffi®?mp~+ÁKtÉ]npox~2iImpt?rx{dÃw{]~y|{7{iwlÃ?rz{ÚÁl^iwÁ-oÙ
{]ú{]nZozÂ{³?nZ?{ioxn6Ê5ozrxri?~nÃò{ffiÁ+oqplÃ?rz{ÚÁ-t?iKnZozr&lÚnZ{muwmZozi?Ł"ÅdÆ7+tw6np?{Q®"mp~+ÁKtwÇnpoz~imZt?rz{
{}n5oq5nl^Ã?rx{fll25Ê7{rxrYÅ
5
´µ
000 100
E: 4, 5, 6
E’: 6
110
E: 1, 2
E’: 2
E: 1, 2, 6
E’: 1, 2
111
E’: 1
E: 1, 2
101
E: 1, 2, 3
E’: 3
011
001
010
E: 3, 4, 5
E’: 4, 5
E: 4, 5
E’: 5
E: 4, 5
E’: 4
(to 000)
sozŁt?mp{

ë5nÌlnp{Ł2ml^®?{Ä+®?rx~2mp{ÚÁãÃK¯FÂ{mpoÐul^nZoz~i l^rxŁ2~2mZoznZ?yÅ
;{nfltw i?~Ê {Ä"l^y|oxi?{Qliñoxiw]~mpmp{Ú]n®?mp~+ÁKtÉ]npox~2imZt?rz{ W{nÅkÆ7?{ã~rzrx~^Ê5oxi?Ł ®?mp~+Á+tw]npox~2i
mpt"rz{fl{nÇ~2i+nÌl^oxiw5l^ikt?iwWnÌl^Ã"rz{®?mp~+Á+tw]npox~2ikmpt?rx{Å
%1~;' Ö
%' 
%'
d
Ö
%`óZ'
d

%7ô' Öf|
E ;L
E ÖN
E ;N
E ÖL
E Ñ;L
I{5Ãò{}Ł2ozi³Kl0l^Ãw~Â{³2Ê5oznZQnp?{5oxi?oznZoqlr?WnÌl^nZ{HàêZYÌêMYÌêZä/oziffiW{nºædÅ0hYiQnp"oqWnÌl^nZ{5®?mp~+Á+tw]npox~2i
mpt"rz{ù%'ffil^iÉÁ\%`öT'Qlmp{{iwlÃ?rz{ÚÁ
l^iÉÁRlmp{-®"rql2Ç{Á
ozi+np~lõãÅ Æ7?{Ú{-nWÊ~Bl^mZ{~2Ã+ÂKox~2twWrz¯
i?~i?ozi+np{mW{mpoxi?Ł?³l^iwÁÊ{ãrx{nAõAzÃw{ffinp?{ffi{]ú{]nZozÂ{d®"mp~+ÁKtwÇnpoz~imZt?rz{Ú*oxipõffiÅffiÆ7KtwqõzP
ç%`öT'4êÅ&Æ7?{6mZ{t?rxn0~^`%`öT'oxiOàêZYÌêMYÌêZäoÙcàW´=YÌêMYÌêZä0W~QÊ7{l2Á?ÁãnZ?oqnl^np{np~Hæ=l^iwÁOàêZYÌêMYÌê®ä
np~3ë Å
hYi nl^nZ{@à´¿YÌêZYÌêZä0®"mp~+ÁKtwÇnpoz~i|mpt"rz{W%14'liwÁO%`öT'0lmp{6{iÉl^Ã?rx{ÁãliwÁ|i?~2i"ozi+np{mW{mpoxi?Ł?Å
ß
i"rz¯
%14'0oq7{Çú;{Ú]npoxÂ{³l^iÉÁnp"{ mZ{t"rzn7~B%-'0oxilà´=YêZYÌêZä0oÙAà´=Y}´=YÌê®äÌÅI{fll2Á?Á|np"oq5nl^nZ{dnp~@æfl³
l2Á"Ápà´¿YÌêZYêZä7nZ~@ë l^iÉÁ-]~iKnZozi+t?{Å
hYiWnÌl^nZ{ùàW´=Y´¿YÌêZä5®?mZ~+ÁKtw]nZoz~2ikmpt?rx{A%14'Ì³%'Ì³l^iÉÁ!%`öT'gl^mp{fl{iwlÃ?rz{Ákl^iwÁ i?~2i"ozi+np{mW{mpoxi?Ł?Å
ß
0np"{{3%'l^iwÁp%_ö;'gl^mZ{d{]ú{ÇnpozÂ{è³w~|nZ?{¯kl^mZ{d®?rÙl2]{Á ozi+np~3õ
z
ÅÆ7?{dmZ{t"rzn~^i%'7oxi
à´¿Y´=YêZä6oq3à¥êMY´=YÌêZäÅ8~^Ê{Â{m}³;ozià¥êMY´=YÌêZä®?mp~+Á+tw]npox~2iBmpt"rz{V%`öT'oÙÁKoqZl^Ã?rx{Á;ÅkÆ7Ktw6oxn
oq5®w~ZozÃ"rz{d~2m*%`öT'7nZ~|Ãw{]~2yF{ {Çú;{Ú]npoxÂ{rz¯ffi{iwlÃ?rz{Ákl^iwÁ-nZ?{i ÁKoqZl^Ã?rx{Á-Ê5oznZ?~2t?n5uwmZozi?Ł"Å
oxiw]{H%_ö;'&oqoxiùõ
z
³Knp"{dlrzŁ~2mpoxnp?y mp{}®ò~mpnc%`öT'l27t?iwWnÌlÃ?rz{³"l^iwÁ|nZ?{mp{Ç~2mp{*ÁK{np{Ú]nÌ0np?oÙ
®?mZ~2Ã?rx{yÅ
fi
ê
ù ¸4ñ òp "Nñ "d¹ ºQº0À¼|¹
úW ûüþý Oýzß @@]i4@
Û6fl?~Ê5iBlÃò~Â{³/Ãw~2npËWnÌl^Ã"ozrzoxnW¯l^iÉÁi?~2i"ozi+np{mW{mp{iÉ]{ffiç"{ç²+ozi"Ł l^mZ{ùb6jÈ¥Él^mÌÁI®?mp~Ã?È
rz{}y ]ÅffoziÉ]{ np?{kÂ{mpoÐul^nZoz~i
lrzŁ~2mpoxnp?y W{l^mç?{Úãlrzrmp{lçwlÃ?rz{kWnÌl^nZ{Ý~m|lW{nffi~^
®?mZ~+ÁKtw]nZoz~2i=mpt?rx{]³oznkl^i§Ãw{Â{}mp¯ffWrz~Ê %mpt?i§npoxy|{-{}ÄK®w~2i"{iKnZoqlr oxiRnZ?{i+t?yãÃw{mF~^
]oxmÌ]t?oxndÂl^mZoqlÃ?rz{4'doxi
nZ?{ Ê7~2mn }l2{èÅffhYiñ®"mÌl2ÇnpoqÇ{³"~^Ê{Â{m}³7]oxmÌ]t"oznÌdmZ{l2ÌB~2i?rx¯Ël
npoxiK¯|ml2]nZoz~2i~5nZ?{ozm*nÌlnp{ffiW®wl2]{èÅds?t?mZnp?{mZy|~2mZ{³wnp?{mZ{ffil^mZ{ffi{Â{ml^r/ozy|®"rz{yffi{i+nÌl^nZoz~i
pnZmpoÙç²"JdnZwl^nl^ikW®ò{}{Á|np?{mpt"i-npoxy|{~^&np?oÙlrzŁ2~mpoxnp?yÅ
Æ7?{5uwmÌWnl^iwÁãyF~n&ozy|®w~2mZnÌliKnoxy|®?rx{yã{}iKnl^npox~2ioqZt?{oqnZ?{ç"~2oqÇ{5~^/Á"l^nÌlflnZmptw]nZt?mp{Ú
~2m æ liwÁnëðÅ Û6ãnZ?{Il^rxŁ2~2mZoznZ?y oÙãÊ5mpoxnpnp{}i
Ê7{Ê5oxrzri?{{Á
nZ~B®ò{}m~2mZy oxiw{mZnpox~2i)³
ÁK{rx{npox~2i)³mZ{npmZoz{Âl^rØ³+l^iwÁãyF{yãÃw{m?ox®%q~2m7t"i?oz~i('0~2®w{ml^npox~2iw7~iùæ l^iwÁ|oxiw{mZnpox~2iFl^iwÁ
y|{yffiÃw{mÌW?oz®F~2ijë Å Æ7?{ãyF{yãÃw{m?ox®|~2®w{ml^nZoz~2iªyãtwWnÃw{ffi®wl^mZnpoÙ]t?rqlmprx¯-{]÷%]oz{}iKn}³wl2
y|{yffiÃw{mÌW?oz®oxijë oÙdnp{Wnp{Á~2mffi{Â{mp¯p±
z
³0liwÁñyF{yãÃw{m?ox®oziæþoqdnZ{nZ{ÁozinZ?{
t?i?ox~2il%¥rz{}nWæ P æ
|ç=±
z
ê='0~2mnp?~è{±
z
i?~2n6oxiVë ÅsÉ~mpnZt?iwl^nZ{rz¯è³?Ê7{Q}l^ilÂ~oqÁ|y l^i+¯
~^nZ?{W{ãy|{}yãÃw{m?ox®nZ{n Ã+¯ozy|®"rz{yffi{i+npoÐi?Łffinp?{ W{nÌAæþliwÁjæ«
|ë oxiwnZ{l2Á~Wæ
l^iÉÁ!ë ÅffioziwÇ{Q{l2Ìp±
Ê{Qmp{yF~^Â{6mZ~2ykæ oq6{Â{}iKnZtwl^rxrz¯ lÁ?ÁK{Ánp~Vë ³)Ê7{Qi"{{Á-i?~n
mp{}y|~Â{nl^np{ÚDmp~y æ«
VëðÅ6s?t?mpnZ?{mZy|~2mZ{³?np?{uwiwlr
î ü
nÌlnp{yF{iKn5mZ{t?ozmZ{D~i?rz¯ ~i?{
y|{yffiÃw{mÌW?oz®IÌ?{Ì²ffovnZ?{knl^np{|±z7oqdi"~2nffiozi½æª
pë oznffioqQlÁ?ÁK{ÁBnp~IÃò~np¾æ l^iwÁ
æ¸
 ë Å0Æ7KtÉ7Ê7{6i?{}Â{m7i?{}{Áãnp~ffiÌ?{Ì²d~2m5yF{yãÃw{m?ox®doxiæ liwÁ|Ê7{fll^iFozy|®?rx{y|{ÇiKn
ozn){Ç÷ ]ox{i+nprz¯5Ê5oxnp lshWs
ß
át?{}t?{Å{Ê5ozrxr^mp{Úát?{}iKnZrz¯ç?{Úç²5~2m/y|{yffiÃw{mÌW?oz®5oxiHæç
`ëð³
?~Ê7{}Â{m³W~dÊ{oxy|®?rz{}yã{in/ozn0Ê5oxnpFl wl|nl^Ã?rx{ÅÛrxrw{}n~®w{mÌlnpoz~iw5liãnZ?{mp{Ç~2mp{Ãw{
®w{m~mpy|{ÚÁãoziq%p´T'7nZozy|{~2i lÚÂ{}mÌl^Ł{Å
Æ7?{ Ì?~oq]{ffi~^Á?lnÌlWnpmptÉ]npt?mZ{ã~2mflnp?{F®?mp~+ÁKtÉ]npox~2imZt?rz{ W{noqfll^rqW~ozy|®w~mpnÌliKn}Å
ß
i?{
Ł2~~+ÁIÊ5l¯-nZ~-Á+~nZ?oqH%ØÁKt?{Qnp~nZ{Â{-7t"mpiw4'5oqnZ~ Ã?t?ozrÙÁl^iI{Ä+®?mp{Zox~2inpmZ{{d~2m{lç
®?mZ~+ÁKtw]nZoz~2i mZt?rz{ Łtwl^mÁ;³?oziwÇrztwÁK{np"{6npml^iwWoznpox~2ikl^n5nZ?{6mZ~~2n~^/np"{ nZmp{{è³KliwÁ|oziwÇrztwÁK{
~2i"rz¯Q~2i"{6]~®K¯fl~^{l2ÌQÂl^mpoÙl^Ã?rx{oxiQnp?{5~2mZ{n0~)®?mZ~+ÁKtw]nZoz~2iffimpt"rz{ÇÅÆ7+tw{l2ÌQÂl^mpoÙl^Ã?rx{
wl|l rxoqWnã~t?®?rxozi?²"Ýrx{l2Á+ozi?ŁInp~I{Ä+®?mp{Zox~2iwQozi+Â~2rxÂKoxi?ŁoznffiliwÁfflrzoÙnQ~flÁK~Ê5i?rzoxi?²"
rz{Úl2ÁKoxi?Łnp~ªl^rxr5npmÌliwoxnpox~2iwQ~2iËoznÅff{nd~^{}iwl^Ã?rx{Á®?mp~+Á+tw]npox~2iËmpt?rx{Ql^iËÃw{nZ~2mZ{Á
l2 rzoÙnÌ|~Q®w~2oxiKnZ{mÌ ozi+np~Bnp?oÙ Á?l^nl
nZmptwÇnpt?mZ{Åû Ä+®?mp{Zox~2iw liNÃw{{Âlrztwlnp{ÁRÃ+¯
l2Z~+]oÙl^nZozi?Łl5Âl^rxt?{0Ê5oznpfl{l2Ìi?~+ÁK{Åff?{ifll5®?mp~+ÁKtÉ]npox~2iQmpt"rz{0oqòuwmZ{Á;³np?{0{Ä+®?mZ{pWoz~2iÉ
lÚú{Çnp{Á-Ã+¯ np?{uwmpoxi?Ł liÃò{Qt"®;Á"l^np{ÚÁ-ÃK¯ npmlÂ{mÌWozi?Łffinp?{Qt"®?rzoxi?²?5~^nZ?{dÂl^mZoqlÃ?rz{QnZ~
Ê5?oÙç np"{ ®"mp~+ÁKtwÇnpoz~i mpt?rx{dlpWozŁ2i"{Á;Å
hYn6oqlrq~ i?~ni?{]{Zplmp¯-nZ~ ozy|®?rx{y|{ÇiKn5Ãw~nplõ4liwÁ|õ
z
ÅQh¥g~2i?rx¯Oõþoqoxy|®?rx{yã{}iKnZ{Á;³
np"{%t"iw]npox~2iË K¨}ï¤q liñmZ{npt"mpiËl íòl^ŁIov*l^iBozi?{Çú;{Ú]npoxÂ{ã®?mZ~+ÁKtw]nZoz~i
mpt"rz{|oÙd®wl2Z{Á
np~ oxnÅffiÆ7?{Fç?{Úç²|~2moxiwnl^Ã?oxrzoznW¯kliÃw{ffi®ò{}m~2mZy|{Á-Ê5?oxrz{Qt?®Á?lnpoxi?Ł-nZ?{Q®?mp~+Á+tw]npox~2i
mpt"rz{Á?l^nlQnpmZtw]nZt?mp{6 ov ldnpmÌliwoxnpox~2i|Êgl27{]ú{]nZozÂ{rx¯{iwl^Ã"rz{Á|liwÁ|np?{t?®Á?lnp{mp~t?npoxi?{
ÁKoÙpl^Ã"rz{7oxn5np?{i oxiwnl^Ã?oxrzoznW¯Fl^i Ãw{mp{®w~mpnp{ÚÁ;Å
fi
´
Öf| E Ñ;L
ba
c
other production
production
rules for c
rules for brules for a
expressions involving c
production
up
^
sozŁt?mp{$ßèë7jmZ~2®w~W{Á-®?mp~+Á+tw]npox~2ikmpt?rx{nZmptw]nZt?mp{èÅ
fi=fi
Æ){Wn
­
l2{ ?l^mpoÙl^Ã?rx{ nÌlnp{ Æ7ozy|{*%Y{Ú;'
j
fi=
´µê  ´

fi
¶
fi
¶

¶ ´2Å µ2ê
W { ´ µ==+´ KÅ
fi=}
8Ûc)s
­
Û
­
8c  åµ ß´;ß

´ê+Å ê
fi
 hWÛc
fi
åê ¶ß
}
µê å?´Å åèê
Æ/l^Ã?rx{
fi
ë0Dt?iffinpoxy|{;~2m
¹u¨u°u©h¬³
~i {}Â{mÌlr?np{Wnl2W{]Å0jliwÁ l^mZ{6?ozŁ?rz¯ {t?{i+npoÙl^r
t"Ã;ÇozmÌÇt?oznozikld®wlmÌlrzrz{}rzÈØ{mZoql^r]~2i+Â{mZnp{m}ÅW [{=oq5lQ]~rzrx{]npox~2iffi~^0mZ{Ł2oÙnZ{m7®?mZ~+]{Z{ÇÅ
86Ûc)s
­
Û
­
8c RoqQlÇ~2rzrx{]nZoz~2iI~^*lç?{%]~2i+npmZ~2rzrx{mflt?Ã]oxmÌ]t"oznÌÇÅM 0hWÛc
fi
oÙQlt?rzr
{}mpoqlrzÈ®wl^ml^rxrz{r]~2i+Â{mpnZ{mÅ&Ûrzrnpoxy|{0l^mZ{*~m6lãáj;Û6
­
WnÌl^nZoz~ihWj4æQÅ
úW76 	
 ©$¢© `X¡( §¥B
Æ7?{
­
Û +Æ½%
­
lrznZ{çffiÛ¯+iwç"mp~2i"~2tw7¯+iKnZ?{WoqÆ)~~2rÙ-'&ÁK{WozŁ2iffinp~~rw®wl2Ì²l^Ł2{ÁK{Â{}rz~2®w{Á
l^n5nZ?{
­
lrzov~mpi?oÙldhYiwWnpoznZt?np{~^&Æ){ç"i?~2rx~2Ł2¯F]~iKnl^oziÉ5{Â{ml^rw®?mZ~2Ł2ml^y 0npwlnÁK{lr;Ê5oznZ
®?mZ~+ÁKtw]nZoz~2iImpt"rz{ÇÅ
ß
i?{Q~^nZ?{{è³
¹¨µ©
Ò
³?oÙ6lÝØl2Wnl^iÉÁ y|{}y|~2mZ¯ã{]÷%]ox{iKn®?mp~+Á+tw]npox~2i
mpt"rz{floxyãt?rÙl^nZ~2mÅhYn6}l^i-Ãw{fltw{Á|~2m?ozŁrz{Â{}r;Wozyffit?rqlnpox~2i ~^0rÙl^mZŁ2{QÇozmÌÇt?ozn5ÁK{pÇmpozÃw{Á
Ê5oznZQ®?mp~+Á+tw]npox~2iffimpt?rx{]Å&Ûi?~np?{mt?oxnp{7~)®?mZ~2ŁmÌl^y%]³
¼Å¼¼?°±
³
È±°°²?±¬
³l^iÉÁ
²°¶Ãnµ
³
npml^iwY~2mZyl ®?mZ~+ÁKtw]nZoz~imZt?rz{ÁK{Z]mpox®?npox~2iffi~^ld]oxmÌ]t"oznoxiKnZ~Ql
­

ß
QozyF®?rz{yffi{ÇiKnl^npox~2i)Å
Æ7+tw6®?mp~+ÁKtÉ]npox~2imZt?rz{liÃw{ffitw{ÚÁ ~mQÁK{Z]mpox®?npox~2iIliwÁnp{Únpoxi?Ł ~^g{ÄKoÙnZozi?Łk]oxmÌ]t?oxn
ÁK{WozŁiw0l2Ê7{rxr?l7W¯Ki+np?{Úoq/~^i?{Ê ]ozm]t?ozn]Å/hYiQ{oznZ?{m0}l2{è³á"~^Ê{Â{m}³^nZ?{5®?mp~+Á+tw]npox~2i
mpt"rz{7yffitwnÃw{dWnÌlÃ?rz{fll^iÉÁi?~i?ozi+np{mW{mpoxi?ŁdoÐnZ?{¯ lmp{np~FÁK{Z]mpoxÃw{lãÇ~2mpmZ{]n]oxmÌ]t"oznÅ
I{ ÉlÚÂ{ozy|®?rx{yffi{iKnZ{ÁdnZ?{fll^Ãw~Â{fl{t?{i+npoÙl^r)lrzŁ~2mpoxnp?y ozikld®?mp~Ł2ml^y l^rxrz{Á
¹u¨u°u©h¬³
Ê5?oÙçËÊ5ozrzrÃw{-oxiw]~2mZ®w~2mÌlnp{Áffozi+np~Inp"{
­
Û +ÆþÁK{ÚozŁiffnp~~r6®wl2Ì²l^Ł{Å Æ7?oqffi®?mp~Ł2mÌly
®w{m~mpy 0Wozy|®?rx{5]~iwoÙnZ{iw]¯ffiÌ?{Ì²?~i|ozi?®"t?n0®?mp~+ÁKtÉ]npox~2i mpt?rx{6W{nÌÇ³np?{i%l^®?®?rxoz{nZ?{
l^rxŁ2~mpoznZ?yþnZ~ãÂ{mZov¯ffiWnÌl^Ã"ozrzoxnW¯|liwÁoxiKnZ{m{mZ{iw]{èÅ
Æ7?{flozi?i?{}m5rz~~2®k~^
¹¨u°u©h¬³
oÙDŁozÂ{iFozis/ozŁ2t"mp{qKÅº{fltw{fllffishWs
ß
át"{t?{6nZ~|Wnp~2mZ{dnZ?{
nl^nZ{mZ{y l^oxi?ozi"Ł nZ~dÃw{Ì?{Ì²{ÁQl^iÉÁ|ldwl2W|nÌlÃ?rz{~2m7nZ?~W{flç?{Úç²{Á®?mp{}ÂKox~2twWrz¯Å&Æ7?{
p®"mÌJÁ?l^nl6nZmptw]nZt?mp{]~iKnl^oxiwlÁK{Z]mpox®?npox~2ifl~^wnZ?{0®?mp~+ÁKtÉ]npox~2iQmpt"rz{{n/Ãw{ozi"ŁÂ{mZovuw{ÚÁ;Å
oxiw]{Ql®?®?rx¯Koxi?Ł|lFnÌlnp{QnZ~|np?{Q®"mp~+ÁKtwÇnpoz~impt?rx{QW{nl^iÉÁ-mp{]~y|®?t?nZozi?Łffilrzr/np?{QŁtwl^mÁ?
mp{Úát?oxmp{0lflt?ÃwWnÌliKnZoql^rl^y|~t?i+n~&]~2yF®?t?nÌlnpox~2i)³Ê7{twW{,uwmZ{ ®?m3fll^iwÁZt?iwÁK~ uÉmp{ ®?mffi
np~Iy l²{ãrx~+l^rçÉl^i?Ł{dnp~Inp?{kÁ?lnÌlInZmptw]nZt?mp{èÅpffoznpËnp?oÙdy|{nZ?~+Á
¹¨ °©¬³
ç?{Úç²"
l^®"®?mp~Ä+ozy lnp{rx¯ ´ê2êê|]oxmÌ]t?oxn5WnÌl^nZ{7®w{m{]~iwÁ|~2i l%+jÛ6
­
nl^nZoz~2ikhWj4æQÅ
soxŁ2t?mZ{µ W?~Ê7Zl^y|®?rx{7~t?np®?t"nÊ5"{i
¹¨u°u©h¬³
oÙmpt?iffi~2iffinp"{{]~iwÁQ{Ä?ly|®?rx{mp~y nZ?{
®?mZ{ÂKox~2twW{]npox~2i)Å Æ7"{|ozi?oxnpoÙl^rÊgl^mpi"ozi?Łèdl^mZ{|Ł2{}i?{mÌlnp{ÁIÃK¯IlkozyF®?rz{ ¯+iKnl^Äªç?{Úç²{m
Ã?t?oxrzn5oxiKnZ~
¹¨ °©¬³
Klrzr;~rzrz~Ê5oxi?ŁQ~2t?nZ®?t?noq7Ł{i?{ml^np{ÚÁ%Ã+¯|nZ?{Â{mpoÐul^nZoz~i l^rxŁ2~2mZoznZ?yÅ
fi
¶
w¥Wozy|®"rz{ Ì?{Ì²(%Ø¨] ï/26jmÌQ®?m]³;nl^np{?{Ú]np~m5ozi?oxnpoqlrÍ'
ç
¦òo+
¦ò{iÉl^Ã?rx{Á?]~t?iKn
¦òmZ{t?rxn
ènÌl^nZ{?0{]nZ~2m5WnÌlnp{³wWnÌl^nZ{®?mZozy|{
j0jnpm5{iwlÃ?rz{ÚÁ)ä Ûdæ  ºb6Û2-B 0æ+
¨Ç ï2flsoÐ~mp{}y l^oxi?ozi?Ł.
¨Ç ï2q86l+nÌl^Ã"rz{flÌ?{Ì²{Á(
mZ{y lozi?oxi?ŁHPð]mp{lnp{ sov~.%Î'4
Ì?{Ì²{ÁP ]mZ{l^nZ{T86l+nÌl^Ã"rz{%§'4
®"t?n s/ov~®%mp{y%l^ozi"ozi?Ł"³áoxi?oznZoqlrÍ'4
ØlnÛ6Á?Á®86l+nÌlÃ?rz{%Øç"{ç²{ÚÁ;³2ozi"oznpoÙl^rÅ'4

ù/¤¥ù%bc2i\ñP&%ØnÌlnp{HP Ł2{}n soÐ~®%mp{y lozi?oxi?ŁZ''1'`ç
l^®?®"rz¯ nl^np{9%¥®?m]³wnl^nZ{='4
{iwlÃ?rz{Á"]~2t?i+nJP=Ã?t?oxrqÁ {}iwl^Ã?rx{Á rzoÙn%¥®?m]³K{}iwl^Ã?rx{Á]' 
%

w¥'0Ì?{Ì² oxiKnZ{m{mZ{iw]{9%¥®?m]³{iwlÃ?rz{Á³K{iwlÃ?rz{ÚÁ?]~2t"iKn'4
óWw %oP êZ?off§{iwlÃ?rz{Á"]~2t?i+n+oÍãAãA'Wç
mp{Wt?rzncP§uwmp{ ®?m%¥®?m]³?{iÉl^Ã?rx{Á)ä oxæÍ'  fifl_`	ÌÞ* ÖÓ?ÜffÑ4,wÞZÑ-0ÍÇ×ØÖÎzÏÐÎz×Øßffifi
îóW%¥mZ{t"rzn@ñP\?Û
­
2
ß
2 ! " mZ{t?rxn@ñPU 4æ
­
26c 0'iç
nl^nZ{®?mpoxy|{$P=i?{Ê WnÌl^nZ{ Â{]nZ~2m%®?mÌ4'4
mp{}npmpox{Â{ nl^np{9%¥®?m]³wnl^nZ{®?mpoxy|{=' 
t?iwÁ+~ uwmp{ ®"m%¥®"mÌ]³?{}iwl^Ã?rx{Á)ä ozæÍ' 
qóJ%+bc2cpPAP l2Z~+]oÙl^nZ{T86l2WKnl^Ã?rx{%YÌ?{Ì²{Á;³+WnÌl^nZ{®?mZozy|{=''Bç
ØlnÛ6Á?Á®86l+nÌlÃ?rz{%Øç"{ç²{ÚÁ;³nl^nZ{®?mpoxy|{=' 
®"t?n soÐ~®%¥mZ{y lozi?oxi?Ł?³WnÌlnp{®?mZozy|{¿'4
ê fifl"Î fi
ê fifl"Î fi
ê fifl4}Ò	#fi
ê fifl%$,"ÎzÏxÞ&fi
ê fiflÍ}ÎqÔÕwÏxÞ Ñ-,wÞZÑ-0'fi
soxŁ2t?mZ{$+ë0hYi?i?{m5rx~~2®-~{Úát?{}iKnZoql^rlrzŁ2~mpoxnp?yozyF®?rz{yffi{ÇiKnl^npox~2i)Å
fi
å
(Ê¡#)+*¹¨u°u©h¬³Ý	¹u¨?©h¬³¹u¨?µÝ¹¨?©¬³µh³?¶³?±µµ=¶
Ò
¹?°±Á¯I¹¨uµ
½-,¨u§=Ã=Å?È³n©Ú§h¬ÀÅ?°±uµ ¡VÂ
¶Ý*¼fl.
/=¶«Ý+*¼?Ý
¼10 ¶«Ý+*È2.
¼ªÝ*¶Ý
/h¼äÝ+*«¶3.
4?¶=¨=¬©h¬²R¡

¶¨©=¶	¼°±65È75× ?¶µ§¬?°ª§	¬±³+¹?±§	¦«³¨ ¶	¬nµ©h³©=§	¬
4?¶=¨=¬©h¬²R¡

¶¨©=¶	¼°±65È75&©µµÚ±	³98,¼Å³«¬?§³Ånµ=±=Ã
4?¶=¨=¬©h¬²R¡:5PÀ?±uµ=±	³;5<¶¨©=¶	¼°± ¬§	³«¦?§	Å¬ÃÄ¯
4?¶=¨=¬©h¬²R¡´v¶µµhÅ
Ò
©h¬²¶°°=<?¶=¨?©Ú¶	¼?°±µ©¬n©³n©=¶°©>u± ³§¦?¶°µÚ±·
(= ±ÈÓ

¶¨µ ¡¼äÈ¶
½7ÀÅ¬$Èu©	¨uÈÅn©³ ¯¯¯7Â
(= ±ÈÓn©h¬² ¡¤¤¤
(= ±ÈÓn©h¬² ¡¤¤ ­
(= ±ÈÓn©h¬² ¡­¤ ­
Ø¨¨u§=¨Ê¡?¬nµ³?¶¼?°±¹¨ §ÃÚÅ?È	³©=§¬¨=Å°±Á¡
¼10 ¶«Ý+*È2.
(= ±ÈÓn©h¬² ¡­­­
(= ±ÈÓn©h¬² ¡­¤¤
(= ±ÈÓn©h¬² ¡­­¤
(= ±ÈÓn©h¬² ¡¤?­¤
(= ±ÈÓn©h¬² ¡¤?­­
½
Ì
³?¶³n©µ³n©ÚÈµ ¡FÂ
,¨ §ÃÚÅ?È	³©=§¬¨=Å°±µ4¡A@

¶=¨?©Ú¶	¼?°±µ4¡CB
Ì
³¶	³±µ

©µ©h³±ÃÊ¡ED
,u§uµµ©h¼?°±
Ì
³?¶³?±µ4¡FD
s/ozŁ2t"mp{flµKë5+l^yF®?rz{
¹u¨u°©¬³
~2t?nZ®?t?n}Å
fi=}
¹¨ °©¬³
t?®"®ò~mpnW{Â{mÌlr]~y|y l^iÉÁ
rzozi"{~2®?nZoz~2iÉ-npwln-®?mZ~^Â+oqÁ+{y|~mp{oxiK~2mZy l^nZoz~2i
l^Ãw~t?nãnZ?{ ]oxmÌ]t"oznfll2doxn oÙQoxyãt?rÙl^nZ{Á;Å Æ7?{W{ l^mZ{kÁK~+]t?y|{}iKnZ{Á oxinp"{|~2i?Èrzoxi?{|y li?È
twlr)®wl^Ł{Å
fi=
G Hþ¼|¹I¿c ¾!#0À}¼%¹|#
I{QwlÂ{d®?mZ{{i+np{ÚÁ-lãy|{}np?~+Á|~2m6nZ?{dÂ{mZovu}l^npox~2ik~^gátÉl2oxÈYÁ+{rql¯+È¥oxiw{iÉoznZozÂ{fl]oxmÌ]t?oxn
ÁK{WozŁiw]Å0Æ7?oÙÂ{mZovulnpox~2iQmp{Úát?oxmp{/npwln7ÇozmÌÇt?ozn Ãw{{ÄK®"mp{Z{ÁdoxiQnp{mZy ~^Õ
	pÒÜ+Ñ]×YÎqÒÓ
	áÏzÞZÍÇ³Ê5?oÙçIÊ7{ffiwlÂ{ã®"mp{W{iKnZ{ÁIl2dl y|{liwnp~ ÁK{Z]mpoxÃò{FÁK{rÙl¯KÈoziwW{iwWoznpoxÂ{Q]oxmÌ]t"oznÌÇÅ
{ozÂ{iQnZ?oq®?mZ~+ÁKtw]nZoz~iãmZt?rz{ÁK{Úp]mZoz®?nZoz~2i³2Ê7{l^mZmp¯fl~2t?ngl W{l^mçQ~/np?{ÇozmÌÇt?ozn )mp{lç?È
l^Ã"rz{WnÌlnp{|liwÁ
Ì?{Ì²~m|WnÌl^Ã"ozrzoxnW¯Bl^iwÁ
oxiKnZ{m{}mp{iwÇ{|{mpmZ~2m]³7Ê5?oÙç ]~2mZmp{W®w~2iwÁ
nZ~
®w~ZozÃ"rz{k?~mpnQl^iwÁwlýl^mÁ?]ÅOI{|wlÂ{ "~^Ê5iB?~Ê np?oÙdW{l^mçB}l^iBÃw{|®w{m~mpy|{Á
Ãw~2nZ
W{t?{i+npoqlrzrx¯l^iÉÁñÇ~2iw]t"mpmp{}iKnZrz¯liwÁwlÂ{ãoxy|®?rx{yã{}iKnZ{Á Ãò~npËl^rxŁ2~mpoznZ?y ÇÅÛI{
wlÂ{Ł2ozÂ{}iã{Ä"l^yF®?rz{/~^/np"{6W{l^mçffiy|{nZ?~+ÁãliwÁ|wlÂ{6Á+{p]mZozÃw{ÁQ~2t?mozy|®"rz{yffi{i+nÌl^nZoz~i
~^l^ikl^t?nZ~2y lnp{Á|Â{mZovu}l^npox~2i|nZ~~2rØÅ
I{"~2®w{ npwlnãnZ?oqÂ{mpoÐul^nZoz~iy|{nZ?~+Ál^iÉÁñozndozy|®"rz{yffi{]i+nÌlnpox~2iIÊ5ozrzr0Ãw{ tw{ÚÁñi?~n
~2i"rz¯ np~ Ì?{Ì² ]oxmÌ]t"oznÌ7Ł{i?{ml^nZ{ÁÃ+¯kl^mpnZozi W¯Ki+np"{oÙDy|{}np?~+Á;³wÃ?t?nl^rÙ~ l6lãÊglÚ¯
np~ffiÂ{mZov¯Qnp"{dÁ+{rql¯+È¥oxiw{iÉoznZozÂ+oznW¯d~0~2nZ?{m]oxmÌ]t"ozn5Á+{oxŁ2iwÇÅ
fi
ß
fi
IH yã¹¹y"$ KJ "d¿c Q»QºÀ}¼|¹!#
hYi l^mZnpoxi ¯+iKnZ?{oÙy|{}np?~+Á;³®wlmpn7~^lQ]ozm]t?ozn0{Ä"Ìwl^i?Ł{oxiK~2mZy l^nZoz~i|ÂKoÙl|ÑÌÒÔQÔHà
Ó?ÎqÑÌÖ2×ØÎqÒÓ-Ñ-,"ÖÓ"ÓòÞÌÏ ÍÇÅ5Æ7"{{flÌwl^i?i"{rql^mp{oxy|®?rz{}yã{ÇiKnZ{ÁdlW{nÌ0~^&Ê5ozmZ{7npwln5{Ä"çwli?Ł2{
Á?lnÌloziffl-~2t"mpÈ®?wl2W{-®?mZ~2nZ~+]~2rØÅffs?~2mffi{Ä?ly|®?rx{³]~iwoÙÁK{mffinWÊ7~I]oxmÌ]t?oxnÌnpwlnãi?{}{ÁñnZ~
¯+iwÌ?mp~i?ozý}{|np?{}ozmd~®w{mÌlnpoz~i)ÅËÆ7?oqQliBÃò{ ÁK~2i"{Ã+¯®w{mW~2mpyFozi?Ł l]~2y|yffit?i?oÙl^nZoz~i
Ãw{nWÊ7{{}i|np?{fl]oxmÌ]t"oznÌ0npwln{}Ä?Ìwl^i"Ł2{7i?~ffiÁ"l^nÌl+ÅDètwçk]~y|yffit?i?oq}l^npox~2iw0li Ãò{oxy|®?rz{}È
y|{i+np{ÚÁãlg~rzrz~ÊÇë
Circuit A Circuit B
r
a
­
~2yFyãt?i"oqlnpoz~i ~2inZ?oqÌwl^i?i"{rnÌl²{6®?rql]{ffil26~2rxrz~Ê]ëcff?{}i]oxmÌ]t"ozn"L Ãw{]~y|{
mp{Úl2ÁK¯np~*¯+iwç"mp~2i"ozý{0ozn/mÌloqW{Ê5ozmZ{NMáÅff"{iQ]oxmÌ]t"oznPORÃw{]~y|{;mZ{l2ÁK¯nZ~¯+iwÌ?mp~i?ozý{
oznÊ5l^oxnÌD~m"MãnZ~|Ãw{]~2yF{d?oxŁ2)³;nZ?{iml^oqW{cŁ oziIl2Ì²+i?~Ê5rz{ÁKŁy|{i+nÅQL np"{irz~Ê7{}mÌRM
l^iÉÁO rz~Ê7{}mÌWŁòÅÆ7?{d®wlmpn6~np?{ ]~2y|yffit?i?oÙl^nZoÐ~2i|®w{mW~2mpyF{ÁÃ+¯k]ozm]t?oznQL oql^rxrz{Á
np"{BÖÑ]×ØÎqâ^ÞQ®wlmpnFl^iwÁ
nZ?{-®wlmpnffi®w{m~mpy|{ÁÃ+¯Ë]ozm]t?ozn!O oqQ}l^rzrx{Ánp?{kÕ"Ö^ÍÌÍ}Îqâ^Þd®wlmpn}Å
Û6Zt?y|{è³^nZ?{i)³npÉl^n7Ê{5~2i?rx¯QwlÂ{5®?mp~+Á+tw]npox~2i|mZt?rz{ÚÁ+{p]mZozÃ?oxi?Ł]oxmÌ]t"oznffLdÅ&hYiã~mÌÁK{m0nZ~
]rx~{flnp?{Q®"mp~+ÁKtwÇnpoz~imZt?rz{ {n}³òÊ{QyãtÉn®w{Çov¯ np?{QÃw{ÉlÚÂ+oz~m6~^nZ?oq6Ìwli?i?{rØÅ6Æ7?oÙ
liÃw{ ÁK~2i?{Ê5oxnp np?{6~rzrz~Ê5oxi?ŁQ®?mp~+Á+tw]npox~2ikmpt?rx{]ë
	
d
	
E Ö®L
E Ö®N
hYiŁ2{}i?{mÌlrY³/?~Ê7{Â{m}³/l^rzr0Ãw{wlÂ+oz~mÌ ~çÉl^i?i?{}rq rx{l2Á+ozi?Ł np~ l]ozm]t?oxn {iKÂ+ozmZ~2i?yF{iKn
li?i?~2nÃò{ ÁK{Z]mpoxÃò{ÚÁW~2rx{rz¯ Ê5oznZ-®?mZ~+ÁKtw]nZoz~i-mpt"rz{ÇÅ5s?~2m6{Ä"l^yF®?rz{³+]~iwoÙÁK{ml|]oxmÌ]t?oxn
Ê5oznZlQ~2i?{}È¥Ã?oxnoxi?®?t?nÌwl^i?i"{r/]~2i"i?{]nZ{Á|np~ffinp?{fl{iKÂ+ozmZ~2i?yF{iKn}ÅtÉçkl|]oxmÌ]t"ozn7Ê~2t?rÙÁ
Ãw{ozy|®?rx{y|{ÇiKnZ{ÁQl27~2rxrz~Ê]ë
Circuit
do
dt
df
Environment
­
~2yFyãt?i"oqlnpoz~i6~2iffinp"oqÌwl^i"i?{r"]~2t?rÙÁdÃw{5{oznZ?{m/Õ?Ö^ÍÌÍ}ÎqâÞ)~2mÖÑ]×ØÎqâ^ÞÌÅ0hYiffil®Él2pWozÂ{]~y|È
yffit?i?oq}l^npox~2i)³np"{]ozm]t?ozn/Ê7~t?rqÁQÊ5lozn~2m0{oxnp?{}mxS~m`x7L|np~Ãw{6W{n0ÃK¯flnp?{5{i+Â+ozmp~i?y|{i+nÅ
fi
µ
ßiw]{flozn5mp{Ú]{ozÂ{ÚÁãnp?oÙDoxiK~2mZy l^nZoz~ioxnÊ~2t?rÙÁml^oqW{ ÜflToxikl2Ì²Ki?~Ê5rx{ÁKŁ2yF{iKn}Å7Æ7"{i-nZ?{
{i+ÂKoxmp~i?y|{i+n7Ê~2t?rÙÁrz~Ê{m5Ãw~2np Ü2×l^iwÁBÜÎ/³lÚnZ{m6Ê5?oÙç nZ?{ffi]ozm]t?oxn7Ê7~t?rqÁ-rx~Ê7{mflÜflTÇÅ
hYiQliffil2]nZozÂ{]~2yFyãt?i"oqÇl^npox~2i)³Ç?~Ê7{Â{}m³np?{g]ozm]t?ozn)Ê~2t?rÙÁ oxi?oznZoql^nZ{0np?{g]~2y|yffit?i?oÙl^nZoz~i
Ã+¯mÌl^oÙoxi?ŁBÜflTl2fllmZ{át"{n}Å|Æ7?{|{}iKÂ+ozmZ~2i?y|{}iKn5Ê~2t?rÙÁmp{W®w~2iwÁÃ+¯mÌloqWozi?Łk{oznZ?{mAxS
~2mix7L/³òÊ5?oÙçFÊ7~2t"rqÁÃw{fll2Ì²+i?~Ê5rz{ÁKŁ{Á|ÃK¯Fnp?{ ]ozm]t?oznrz~Ê7{}mpozi"Ł ÜflT]ÅÆ7?{fl{iKÂ+ozmZ~2i?yF{iKn
Ê7~t?rqÁ ]~y|®?rx{np{np?{fl]~y|yffit?i?oq}l^npox~2iQÃ+¯|rz~Ê{mpoxi?ŁHxSliwÁùx7LÅ
Æ7?{®?mZ~2Ã?rx{y Ê5oznZffÁK{Z]mpoxÃ?ozi"ŁnZ?oqffi]ozm]t?oxn dÃw{ÉlÚÂ+oz~m|oziË®?mp~+Á+tw]npox~2iffmZt?rz{Qoqffinpwln
np"{mp{koqQi?~y|{Ìwli?oqWy ~m|mÌloqoxi?ŁI~2i?rx¯
~2i"{-~^flnWÊ7~ªÁ?lnÌlÊ5ozmZ{]Å§Û6Zt?y|{ Ê{l^mZ{
ÁK{Z]mpoxÃ?ozi"Ł lã®wlpoxÂ{ffi]~2yFyãt?i"oqlnpoÐ~2i)Åh¥7Ê{Qtw{QnZ?{d~2rxrz~Ê5ozi"Ł|®?mp~+Á+tw]npox~2iImpt?rx{D~m
np"{ {}iKÂ+ozmZ~2i?y|{}iKn}³2np?{}iÃw~npÁ"l^nÌlQÊ5ozmZ{7Ê5ozrxr;Ãw{]~y|{6?oxŁ2)Å
d
ÜflT
ÜflT
E Ü2×4LMYÜÎL
E Ü2×4NMYÜÎN
hYnoq&l^rqW~i?~2n®w~èpoxÃ?rz{np~*ÁKoqZl^Ã?rx{5~2i?{5~)np"{7uwmÌWnnWÊ7~6®?mZ~+ÁKtw]nZoz~iãmZt?rz{&lÚnp{}mnp?{5~np?{}m
wlguwmZ{Á;Å0Û5npnZ{y|®?nZozi?Łnp"oq5~rzt?nZoz~i-rz{Úl2Á?7nZ~Qnp?{6~2rxrz~Ê5ozi"ŁQ®?mp~+ÁKtÉ]npox~2i-mZt?rz{Ú]ë
%1~;'
d
Ü
T
f
d
ÜÎ
%'
d
Ü
T
f
d
Ü2×
%' Ü
T
E Ü2×-L
E ÜÎL
E Ü2×-NMYÚÜÎN
Æ7?{6®"mp~2Ã"rz{y Ê5oznZ|np?oÙ®?mZ~+ÁKtw]nZoz~imZt?rz{*{noqnZwl^n5oxn5]~iKnl^oxiw7lioxiwnl^Ã?oxrzoxn¯èÅff"{i
l^rxr?Âl^mZoql^Ã"rz{0l^mZ{DØlrqW{³®?mp~+ÁKtÉ]npox~2iffimpt?rx{B%14'/l^iwÁV%'/l^mZ{{iÉl^Ã?rx{Á;Å8~^Ê{Â{m}³^nZ?{DuÉmpozi"Ł
~^v%14'0ÁKoÙpl^Ã"rz{A%'l^iwÁ|Â+oq]{Â{mÌZlK³?rz{Úl2ÁKoxi?ŁQnp~ffili-oziÉnÌlÃ?ozrxoznW¯Å
I{wlÂ{ÁK{Â+oqW{Áãli?~2nl^nZoz~2i%l^rxrz{ÁQÕ"Ò	ç×&ÜKÞZÑ]ÏÐÖ	ZÖ2×YÎqÒÓáÍ&npwln5]~y|®wl]nprx¯QÁK{Z]mpoxÃw{Ãò~np
¯+iwÌ?mp~i?ozýÚl^npox~2iffiliwÁãÁ"l^nÌlÌwl^i"i?{rqÇÅÆ7?oÙi?~nÌl^nZoz~i|oqÇ~2i+Â{i?oz{}iKn;~m7Çrz~Wozi?Ł®?mp~+ÁKtÉ]È
npox~2iflmpt?rx{7W{nÌÇ³2liwÁdoq/l2}]{®?nZ{Ál2)ozi?®?t"noxi
¹¨u°u©h¬³
Å)Æ7?{g¯+iKnl^Ä~mnZ?{W{5ÁK{Çrql^ml^nZoz~2iÉ
oq/Ãwl2W{Ád~2iffinpwln~^Ìwl^i"i?{rwÁK{Ú]rqlmÌl^nZoz~iw oxiQnp?{
­
Û+Æ®?mp~Ł2mÌly
¹u¨?©h¦
äv´´æ2nZ?{{gÁK{]È
rqlmÌlnpoz~iwl^i Ãw{Q]~®?oz{ÚÁãozi+np~duwrx{7npÉl^nÊ5ozrzrÃw{ tÉ{Á Ê5oznp
¹¨ °©h¬³
Å
Æ7?{fl¯+i+nÌl^Äffi~2mlÝ®w~2mZn6Á+{]rqlmÌlnpoz~i oq5l2~rzrx~^ÊÇë
àq®ò~mpnnW¯K®w{=ä
¹?§=¨=³þ´
àqozi?®?t"n5rzoqWn6ä
¥
àî~t?np®?t"nrxoqn4ä
·
ÛN®w~2mpnnW¯K®w{6oÙ7~2i?{~
¶È	³n©U<?±
~2m
¹?¶uµµ©U<?±
Å/ÛiFozi?®?t"n5rzoqWn5oq5lQ]~y|y l{}®wl^ml^np{ÚÁrzoÙn
~^&Âl^mZoql^Ã"rz{7mZ{®?mp{Ú{i+npoxi?Łnp?{Ê5ozmZ{oxi np?{Ìwli?i?{rnpwlnl^mp{oxi?®?t?n7np~Qnp"{]ozm]t?oxnÊ{
l^mZ{QÁK{Úp]mZozÃ?oxi?Ł?Å5Ûi-~2t"np®?t?nrzoqWn5oql|]~y|y l{®Él^mÌlnp{Á-rxoqWn~0Âl^mpoÙl^Ã?rx{5mp{®?mZ{{}iKnZozi?Ł
np"{ ~t?np®"t?nÊ5oxmp{0ozi np"oq5Ìwl^i?i"{rYÅ0t"mpozi"ŁQÂ{mpoÐul^nZoz~i)³?ln5y|~Wn7~2i"{d~^&np"{ ÂlmpoqlÃ?rz{Ú
oziknp?{Qoxi?®?t?nrzoqWnÊ5oxrzr)Ãw{QnpmZt?{ffil^n~2iw]{èÅsÉt"mpnp"{m³woznoq6li{mpmZ~2m~m6np"{ffi]ozm]t?ozn5nZ~ {}n
y|~mp{dnZwl^iI~2i"{ã~t?np®?t"n6Âl^mpoÙl^Ã?rx{ãnZmpt?{ffiWozyffit?rznl^i?{}~2twWrz¯ÅÆ7KtwÇ³/lã®w~2mpn ÁK{]rÙl^ml^npox~2i-~m
np"{dlÃw~^Â{®wlpWozÂ{fl]~2yFyãt?i"oqÇl^npox~2iffiÊ7~t?rqÁ|Ãw{ë
¶2ê
¹?¶uµµ©<?±¹?§=¨=³Õ´ Ã=³98Ã=¦Ä¥Ãu§$·
j~mpnÁK{Ú]rqlmÌl^nZoz~iw}l^iÃw{dnZ?~2t?ŁKn~l2y%l2]mZ~5npwln6{Ä+®wl^iwÁ-nZ~|rzoÙnD~0®?mp~+Á+tw]npox~2i
mpt"rz{A%¥®w~ZoxÃ?rz¯kozi+Â~2rzÂ+ozi"Łffil^i{mZmp~2m]íl^ŁM'l^iwÁ-rxoqWnÌ~0Âl^mpoÙl^Ã?rx{nZwl^n6i"{{ÁnZ~|Ãw{Q²{®?n
yffit?nptwlrzrx¯Q{Ä?ÇrztwWozÂ{Å/Æ7?{fll^Ãw~Â{{Ä"l^y|®?rx{Ê~2t?rÙÁ{Ä+®wliwÁ|np~?ë
ÜflT
d
ÜflT
{Ä?Çr%YÁ+n³?Á6'
E Ü2×4NMYÜÎ(N
E Ü2×4LMYÜÎ(L
Æ7+twnZ?{6Â{mZovuw{m&Ê5ozrzrÌ?{Ì²ffinl^np{Úmp{Úl2Ì?{ÁQÃK¯Quwmpoxi?Ł Ü2×4Lfll^iÉÁ|l^rÙ~QÃ+¯ÝuwmZozi?Ł%ÜÎL+³KÃ?t"n
Ê5ozrxr)Ãw{d®?mZ{Â{i+np{ÁÝmZ~2y Ì?{Ì²Koxi?Łffinl^np{ÚDmZ{l2Ì?{Á|Ã+¯%uÉmpozi"ŁãÃw~2nZËÜ2×-LÝl^iwÁªÜÎffLQÃ+¯|nZ?{
p{}Ä?]r 6nl^nZ{y|{i+nÅ)hYi
¹¨ °©h¬³
nZ?{W{7yffit?nptwlrK{}Ä?]rxtwox~2i nÌlnp{yF{iKn)l^mZ{wliwÁKrx{ÁdÃK¯nZ?{
uÉmp{ ®?mffi t?iÉ]npox~2ikl^rxrz{ÁQmp~2y np?{y lozi Ì?{Ì²Koxi?Łdrx~~2®)ÅÛ6l^i Ãw{QW{{i oziksoxŁ2t?mZ{q
np"oq7t?iw]nZoz~2ikmp{nZt?mpiÉ4 4æ
­
26c 02ãoÐlã®?mZ~+ÁKtw]nZoz~2imZt?rz{floq5®?mp{}Â{iKnZ{Áãmp~y uÉmpozi"Ł
Ã+¯ twÌklQnl^np{}y|{i+nÅ
h¥/oziwWnp{lÁãÊ7{Ê7{mZ{6ÁK{Úp]mZozÃ?oxi?ŁQli l2]nZozÂ{]~2yFyãt?i"oqlnpoÐ~2iQÊ{6Ê7~t?rqÁãtÉ{6nZ?{~2rxrz~Ê5ozi"Ł
®w~2mZn6ÁK{Ú]rqlmÌl^nZoz~i)ë
¶È³n©U<?±¹?§=¨=³Õ´;Ã=³N8ÃÚ¦Ê¥"Ãu§ß·
Ê5?oÙç Ê7~t?rqÁ ]~mpmZ{®w~2iÉÁnp~ffinp"{*~rzrx~^Ê5oxi?ŁQ®?mZ~+ÁKtw]nZoz~2ikmpt?rx{
ÜflT
d
ÜflT
{Ä?Çr%YÁ+n³?Á6'
E Ü2×4LMYÜÎ(L
E Ü2×4NMYÜÎ(N
b~np{0npwlnnp"oq;{Ä"l^y|®"rz{wl {Úp{}iKnZoql^rxrz¯np?{gply|{t?iwÇnpoz~iwl^rxoznW¯l nZ?{7~i?{5lÃò~Â{6 np?{
]oxmÌ]t?oxn7mZ{]{oxÂ{0lãWozi?Łrz{Ã?ozn5oxi?®?t?n7mZ~2yþnZ?{{i+ÂKoxmp~2i"y|{i+nÅ/Æ7?{QÌwli?Ł2{6mp~yþ®wlpoxÂ{
np~kl]npoxÂ{ mZ{t?ozmZ{np"{ffi]ozm]t?ozn5nZ~ mÌl^oÙ{kÜflTÃw{]~mp{ffinp?{Q{}iKÂ+ozmZ~2i?y|{}iKnmp{W®ò~iwÁ?np"oqoÙ
mp{aíw{]nZ{Áãozi nZ?{mp{Â{mplr;~^np?{flÁKoxmp{]nZoz~i|~^&np?{FÜ2×l^iÉÁÜÎ npmÌliwoxnpox~2iwÇÅ
CircuitEnvironment
co
ct
cf
s?~2mgl*uwiwlr;{Ä"l^yF®?rz{³rz{}ntÉ7]~iwoÙÁK{ml^i l]npoxÂ{6Ç~2y|yffit?i?oxlnpoz~idÊ5?{}mp{ld]oxmÌ]t?oxn{iwÁ"
lÁ?lnÌlÃ"oznQnp~ªnp?{k{iKÂ+ozmZ~2i?yF{iKn}ÅBÛŁlozi)³np?{k®ò~mpn Á+{]rqlmÌlnpoz~iñ~m|np?oÙãÌwli?i?{r5oÙ
oxy|®?rx{ë
¶K´
¶È³n©U<?±¹?§=¨=³Õ´êÈ©â¥"È³N8KÈ	¦(·
Æ7?oÙ7®ò~mpnÁK{]rÙl^ml^npox~2ik]~mpmp{Ú®w~2iwÁ"np~QnZ?{6~2rzrx~Ê5ozi?ŁQ®?mZ~+ÁKtw]nZoz~i-mpt"rz{Çë
d
ÑÇ×/f
d
Ñ 
Ñ]×eIÑ 
Ñ]×fIÑ 
E Ñ è N
E Ñ è L
E Þ		pÒ	=L
hYiãnZ?oq&l2W{nZ?{{}iKÂ+ozmZ~2i?y|{}iKn)Êgl^ozn ~2m0~i?{~gÑ]×Ç³;Ñ |np~flÃw{]~2yF{7npmZt?{5Ãw{]~2mZ{6lç²+i?~Ê5rzÈ
{ÁKŁozi?ŁkÊ5oznZ§Ñ è L+Åh¥5®w~ZoxÃ?rz{ Ê7{ffiÊ7~t?rqÁIrzoz²{ffinp~k{iwWt?mp{|nZwl^nQnZ?{|oxi?®?t?n ]ozm]t?ozn*ÁK~{
i?~n5mÌl^oÙ{6Ãw~npªÑ]×5liwÁIÑ +np?oÙÊ~2t?rÙÁ%Ãw{ldÂ+oz~rqlnpoz~i|~^&np"{ÁKtwlr;mÌlozr]~2y|yffit?i?oÙl^nZoz~i
®?mZ~2np~+Ç~2rYÅÆ7?oÙ7oq7l]~y|®?rzoÙ?{ÚÁÝÊ5oxnp|nZ?{FÑ]×f Ñ OE Þ		pÒ	=L6®wW{twÁK~È¥®?mZ~+ÁKtw]nZoz~i-mpt"rz{Å
Æ7?oÙ7®?mp~+ÁKtÉ]npox~2i mpt?rx{6oq7nZmp{lnp{ÁffiÃK¯
¹¨u°u©h¬³
rzox²{6liK¯|~np?{}m³KÃ"t?n5ov/nZ?{Â2lmpoÙl^Ã?rx{|Þ		pÒ	
Ãw{]~y|{nZmpt?{nZ?{iklãW®w{]oqlr){mpmZ~2m5oÙ7Ł2{i?{}mÌl^nZ{Á;Å
Û6"~^Ê5iªl^Ãw~Â{³)®w~2mZndÁ+{]rqlmÌlnpoz~iw6Ł2oxÂ{ffilÇ~2y|®wl]nÁK{pÇmpoz®"npoz~i~^D]~2y|yffit?i?oÙl^nZoz~i
Ãw{nWÊ7{{}il ]ozm]t?oxn6liwÁ oxnÌ{}iKÂ+ozmZ~2i?y|{}iKn}ÅÛrznp"~2t?Ły|~èntw{Çt?r~2mflW®ò{Ú]ov¯+ozi?ŁFÁ?lnÌl
Ìwl^i?i"{rqÇ³ nZ?{¯y l¯ l^rqW~-Ãw{|twW{ÁnZ~ÁK{Z]mpoxÃw{Qnp?{ W¯KiÉç?mZ~2i?oxýl^nZoz~iÌwl^i"i?{rq6®?mZ{Â+ozÈ
~2tÉrz¯ y|{}iKnZoz~2i"{Á;Ås?t?mZnp?{}mpy|~mp{³+®ò~mpnÁ+{]rqlmÌlnpoz~iw7Ł2{}i?{mÌlrzoxý{{l2Wozrz¯Fnp~Fl^ilmpÃ?oxnpml^mp¯
i+t?yãÃw{m0~oxi?®?t?n7l^iÉÁ~2t"np®?t?n]Åº{wlÂ{~2t?iÉÁ%nZ?{6i?~nÌlnpoz~i]~iKÂ{}i?oz{i+n~m]rz~èozi"Ł
{}nÌ~/®?mp~+Á+tw]npox~2i|mZt?rz{Ú~2mtw{Ê5oznZ
¹¨ °©¬³
liwÁãÃw{rxoz{Â{5nZwl^nnp?{¯Q®"mp{W{iKnltw{]t"r
{Ä+np{iÉoz~i np~Qnp"{ ®"mp~+ÁKtwÇnpoz~i-mZt?rz{i?~nÌl^nZoz~i)Å
¶
fi
 " V"»"d¹I¿W"$#
äÐ´]æQwl?oqÁU8dÅO-7~2²+wl^mZoYÅ
ß
iNnp"{ñy%l^®?®?oxi?Ł
®"mp~2Ã"rz{yÅXWJ Y.	pÖÓZA[0ÒÔÕ
×Þ-	ÍÇ³
¶2êM%Y¶'Ìë
fi
êßaË
fi
´}¶?³)l^mçI´}µ=K´Å
ä
fi
æQnZ{Â{iIÅn-7t?mpiwÇÅÞ	}Ò	]ÔQÖÓ?Ñ]Þ"\Ó?Ö2ÏÐßÍ}ÎvÍffiÖÓ?Ü^]/Õw×YÎqÔQÎQK}Ö2×ØÎqÒÓÒÎ_\Í}ß2Ó"Ñ-,.	pÒÓ?Ò2Í
[0Î 	pÑKÎz×qÍÇÅ0jw nZ?{oÙ]³
­
l^rzoÐ~2mZi?oqlffihYiwnZoznpt"np{6~Æ {Úç?i"~2rz~Ł2¯³´µµK´2Å
äé¶^æfl6lÂ+oqÁHÅoxrzr"l^iwÁ@ 0ÁKyffit?iwÁdÅ
­
rql^mZ²{Å?Ût?np~y l^nZoqÂ{}mpovuòl^nZoz~2i~/l2W¯KiÉç?mZ~2i?~tw
]oxmÌ]t?oxnÌ7twWozi?ŁFnp{y|®w~mÌl^r)rx~2Łoq2Å5hYiy8{i?mZ¯ s?twçÉ]³?{ÁKoxnp~m³ºma`2b2cd[ff,"Ö]ÕwÞÌÏfe*ÎzÏzÏN[0ÒÓKà
Þ	ÌÞÇÓ?Ñ]ÞflÒÓhgjiffGflW³?®wl^Ł{´
fi
ßaËw´Çå¶KÅ
­
~2y|®?t"np{m6+Çoz{iwÇ{6jmp{Úp]³)´}µ=
}
Å
ä å2æ
­
Å ÛflÅ ÅX8~lmp{Å
­
~y|yffit?i?oq}l^npoxi?Łfl{t?{i+npoÙl^r)®?mZ~+]{Z{ÇÅE[0ÒÔQÔH+Ó?ÎqÑÌÖ2×ØÎqÒÓáÍ ÒÎfl× ,wÞ
\k[S³
fi
´=%+'Ìë
=¿
Ë

ß=ßè³Ût?Ł2twWn´µßTKÅ
ä
}
æfl~iwl^rÙÁH DÅ	è6iKt"np)ÅffY(,wÞl\i	Ì×/ÒÎR[0ÒÔÕ
×WÞ	Á[	pÒ4<	ZÖÔQÔQÎqÓ=<mG)ÞZÖ	pÑ-,"ÎqÓ¿<dÖÓ?ÜcGÒ	Ì×YÎqÓ=<³
Â~2rxt?y|{¶KÅÛ6Á?ÁKoÙ~i?ÈÍI{Wrz{¯³´µ¿K´2Å{]nZoz~2i

Å å"Å
ä

æflÆ){i?È+8Ê5li?ŁH)lo)l^iÉÁ|Ûrqli|j/Å?®?mÌlŁ2t?{èÅjrÙl2]{yF{iKn)~/np?{®?mZ~+]{pW~2m7~^/lK¯+®w{mpÈ
]t?Ãw{Å9WHqY.	pÖÓnZff[0ÒÔÕ
×WÞ	ÍÇ³+åêM%

'ëQßè´]åË.ß
fi¿fi
³
±
t?i?{ffi´µµK´Å
äIßæfls7Å"Æ7?~2y W~2iù;{}ozŁ2+np~i)ÅoWçÓK×+	pÒÜKÑÇ×YÎqÒÓ|×ØÒçgÖ	pÖ2ÏzÏxÞÌÏn\Ï <èÒ	]Îz× ,"Ô ÍflÖÓ?Ü_\i	pÑ-,"Îz×WÞZÑ]×+Z	ÌÞpÍm
\i		pÖßÚÍpQY.	çÞÌÞZÍpleßÌÕwÞ	pÑM]ÞpÍÇÅ&-~2mpŁèl^i è ltKy li?ikjt"Ã?rzoÙ?{m]³´µ2µ
fi
Å5{]nZoz~iw5¶KÅ
fi
l^iÉÁ-¶KÅ ¶KÅ
ä ^æflÛrÙl^ozi
±
Ål^mZnpoxi)Å
­
~2yF®?ozrxozi?Łk]~y|yãt"i?oqlnpoxi?Łã®"mp~+]{Z{Qozi+np~ ÁK{rÙlÚ¯+ÈoziwW{iwoxnpoxÂ{
?A+h]ozm]t?oxnÌ]ÅffqflÎvÍÇ×+	]Î ×WÞZÜr[0ÒÔÕ
×ØÎqÓ=<2³)´=%åZ'ë
fi=fi¿
Ë
fi
¶^å"³0´µ=

Å
äéµ^æflÛrÙl^ozi
±
Å/l^mZnpoziÅ Æ7?{|rzoxy|oznl^nZoz~2iÉnp~ ÁK{rql¯+È¥oxiw{}iwoxnpozÂ+oznW¯|oxiBl2W¯KiÉç?mZ~2i?~twQ]oxmpÈ
]t?oxnÌÇÅhYiffoxrzrxoql^y
±
Å6lrzrz¯è³{ÁKoznZ~2m}³=GÎQ>× ,NdW3Y[0ÒÓ-Þ	ÌÞÇÓ?Ñ]ÞgÒÓs\ÜâÖÓ"Ñ]ÞZÜOÞpÍÞZÖ	pÑ4,
ÎqÓhgjiffGflW³?®wl^Ł{
fi=
¶gË
fi
ßTKÅhÆ§jmp{Z]³)´}µ2µ2ê+Å
äv´}ê^æflÛrÙl^ozi
±
ÅlmpnZozi)ÅjmZ~2Ł2ml^y|yFozi?Ł ozil?A+hÌë/sÉmZ~2y ]~2yFyãt?i"oqÇl^npoxi?Ł|®?mZ~+]{Z{dnZ~
ÁK{rÙl¯KÈoziwW{iwWoznpoxÂ{]ozm]t?ozn]ÅwhYi
­
ÅÛdÅÅ8~èl^mp{è³á{ÚÁKoznZ~2m³flqQÞçâ^ÞÌÏÐÒ]ÕÔãÞÇÓ+×îÍflÎqÓ:[0ÒÓ?ÑM	çà
	çÞçÓ?Ñß|ÖÓ?Ü[0ÒÔQÔH+Ó?ÎqÑÌÖ2×ØÎqÒÓKÅwÛ6Á?ÁKoÙ~i?ÈÍI{Wrz{¯³´µµ2êKÅ[26Æut0{l^m5~0jmZ~2Ł2ml^y|yFozi?Ł
hYiwnZoznZt?np{~2i
­
~iw]t?mZmp{i+njmp~2ŁmÌly|y|ozi"Ł?Å
äv´´]æflÛrÙl^ozi
±
Å0l^mZnpoziË{nFl^rYÅ
­
Û64nZ~~2rqQ~2m?AáhQÁK{oxŁ2i)Å D{®w~mpn
­
ÈØÆ55ÈYµ¶^ÈØê2µK³
­
l^rxov~mpi?oÙlãhYiwWnpoznZt?np{~^Æ {Ì?i?~rz~Ł2¯³)´}µ2µ2¶+Å
äv´
fi
æflj{nZ{mOèÝÅj{lmÌW~2i)Åswl2Wn6wl?oxi?Ł ~^Âl^mpoÙl^Ã?rx{Èrz{i?Łnpknp{Ä+n6WnpmZozi?Łè]Åv[0ÒÔQÔH+Ó?ÎqÑÌÖ2à
×ØÎqÒÓáÍ ÒÎ× ,wÞR\k[S ³w¶2¶M%

'ë

ß=ßvË

êK³
±
t?i?{ffi´µµ2ê+Å
äv´}¶^æ
­
wlmprz{ÚBÅ;{oznZýÅ/Æ7?{
­
~èy|oÙ
­
t?Ãw{ÅR[0ÒÔQÔH+Ó?ÎqÑÌÖ2×ØÎqÒÓáÍflÒÎ× ,wÞR\k[S³
fi
Z%p´T'Ìë
fi=fi
Ë
¶2¶+³
±
liKtÉl^mp¯ ´µ=
}
Å
¶2¶
äv´Çå2æ
±
l^iyÅwÛdÅKÂli-Á+{Ýèi?{®wZç?{}t?nÅkY®	ZÖÑ]ÞAY(,wÞZÒ	ÇßQÖÓ?Ü^gjiffGflWQqQÞpÍ}ÎI<èÓK³òÂ~rzt?yF{
fi
ê2êQ~^
iÞZÑÇ×M	çÞQwÒ2×WÞpÍ ÎqÓ^[0ÒÔÕ
á×WÞ	JGÑÎ¥ÞçÓ?Ñ]ÞÌÅ®"mpozi"Ł2{mZÈÍ?0{mZrql^Ł"³)´µ¿
}
Å
¶^å
